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Send for Special 
Bulletin No. 5807 
about this Power 
Plant Instrument. 
New temperature 
compensating tubing 


assures accuracy. 


EAUTY in power plant recorders? 

Here it is in the new Taylor 
Rectangular Recorder. And with it 
even greater accuracy and rugged- 
ness than you have experienced 1 
past Taylor instruments. 

You can get it ina smooth, lustrous, 
all-black case or a black case with 
polished aluminum flange. There’s 
one design for surface and another 
for flush mounting. 

Accuracy is assured by special me- 
chanical features in the recorder and 
by an exclusive Taylor product, Ac- 
curatus Tubing, which automatically 
compensates for fluctuating tempera- 
tures between bulb and recorder. 

Now note the following features 


simplified movement with minimum 
friction; stainless steel pen and arm; 
micrometer pen adjustment; time 
target for setting time on time line; 
extra-strong hinges; positive locking 
door latch; heat-treated and aged al- 
loy springs; one-, two-, or three-pen 
types; spring wound or electric clock. 

Mercury-, vapor-, and gas-actu- 
ated types areavailable. Themercury- 
actuated recorder is especially rec- 
ommended for power plants, and is 
particularly valuable in taking the 
temperatures of superheated steam. 
With mercury-filling and the remark- 
able Accuratus Tubing, open range 
charts can be used with graduations 
from 650° to 800°F. in 2° divisions. 





Modern power plant panel board showing use of new Taylor Rectangular Recorder 
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Send for our Special Bulletin No 
5807, which describes in greater de- 


tail the superiority of this new Power 


Plant Recorder and Accuratus Tub- 


ing. Taylor Instrument Companies, 


Rochester, N. Y. 


ASSURING ACCURACY 
WITH ACCURATUS TUBING 


When you use Accuratus Tubing with t 
mercury-actuated Power Plant Record 
chart record shows only one temp¢ 
the temperature at the bulb. T! 
whether tube lengths are 100 feet or mor 
tubing automatically compensates for fl 
ating temperatures along its entire lengt 
Nearby steam coils or brine pipes have 
effect on the true temperature at 
Temperature compensation is pet ent. It 
is built into the tubing. 
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SOUTHWARK 
TESTING EQUIPMENT 
employed in 


HOOVER DAM 


Research 


4,000,000 Ib. Hydraulic Compression 
Testing Machine at Custom-house, Denver. 
. 

4,000,000 Ib. Hydraulic Universal Testing 
Machine at University of California, 

Berkeley, California. 

e 
300,000 Hydraulic Universal Testing Ma- 
chine at the Bechtel, Nevada, pipe fabricat- 
ing plant of the Babcock & Wilcox Company. 

+ 
200.000 Hydraulic Universal Testing Ma- 
chine at the Barberton, Ohio, plant of 
Babcock & Wilcox Company. 

s 
Twelve Huggenberger Tensometers at the 
Barberton, Ohio, plant of the Babcock & 
Wilcox Company. 

* 
BALDWIN-SOUTHWARK CORPORATION 
SOUTHWARK DIVISION + PHILADELPHIA 

Pacific Coast Rep.: The Pelton 
Water Wheel Co., San Francisco 
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BRINELL 
MICROSCOPE 


AN accurate and dependable in- 
strument for measuring the 
diameter of Brinell impressions. 
Readings are made directly to 
.Olmm, and .00Imm is very easily 
estimated. 


THE SLIDE CARRYING THE MI- 
CROSCOPE IS FULLY ENCLOSED, 
PROTECTING THE SCREW AND 
GUIDES AGAINST DIRT AND 
DUST. This is an important feature 
necessary to a shop instrument. A 
massive cast-iron base serves also 
as a stage accommodating samples 
of considerable size and 
weight. 











This instrument can be 
used continuously with- 
out causing eye-strain 
or any discomfort to 
the operator. It may 
also be used for verti- 
cal measurements and 
inspection of surfaces not readily placed on the stage. 


For detailed description we refer to our Catalog M-130 
copies of which will be sent on request. 


THE GAERTNER SCIENTIFIC CORP. 


1201 Wrightwood Ave. Chicago, U. S. A. 

















20 Records 


ON ONE CHART 


Here is an instrument 
that will record idle time 
on 20 machines. 

It is largely used in in- 
dustry for recording the 
time on processing, pro- 


duction time, etc. 


Meter with Cover Off & 
Bulletins 330, 529 and 831 
describing these instruments and their uses 
will be sent free on request. 
¥ 
THE ESTERLINE-ANGUS CO, 


INDIANAPOLIS, IND., U. S. A 




















NEW... 
Heavy-Current 
iRheostats 


For all kinds of heavy-duty service, the new 
General Radio Type 333 and Type 533 Rheostats 
are well adapted. They are ruggedly built and 
conservatively rated. 


FEATURES 
1. Power ratings of 100 watts 
and 250 watts 


2. Rotary control 
3. Small steps, wire-to-wire 


4. Resistances of 1, 3, 10, 30, 
100, 300, and 600 ohms 


Prices: $4.00 and $6.00 


Write for complete specifications. 
Ask for Bulletin Ex-3302 and address 


GENERAL RADIO COMPANY 
CAMBRIDGE, MASSACHUSETTS 
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DIRECT READING 
pH Potentiometers 
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Add The DEOSCILLATOR ... 
FOR SMOOTH, CLOSE CONTROL WITH 


a 
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WITHOUT DEOSCILLATOR 


A\n Inexpensive Method of Improving 





Operation of Any Pyrometer Controller 


The Deoscillator positively eliminates hunting 
over-controlling. It gives anticipating action | 
make of pyrometer controller. It is rugged, inex 
pensive, easy to install and applicable 1 

new installations or those already in service. Writ 


for P. D. No. 186. 


THE FOXBORO COMPANY 
FOXBORO FOXBORO, MASS., U. S. A. 





REG. U. S. PAT. OFF. 
THE COMPASS OF INDUSTRY 
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EDITORIAL COMMENT 


In This Issue 
@ it has been 


said that whereas “an 
ndicator or a recorder merely reports 
vonditions is would a subordinate sent 
., look over a situation, a controller 
rakes action as would an alert executive 
+) whom reports are submitted.” But an 
executive must have reliable subordinates 
+, make his “action” effective. Hence 
the importance of devices for the Control 
of Small Motors. F. L. Spangler knows 
this subject—and so will our readers 
when they get through with his articles, 
of which the first appears this month. 


@ Professor DeJuhasz starts a chapter 
on eyelic indicators in this month’s in- 
s¢alment of his book on The Engine Indi- 
cator, These are modern instruments, and 
our readers will find the article intense- 


ly interesting and stimulating. 


* The “control” part of Béhar’s book on 
fow measurement and control turns out 
to be a collaboration. The co-author is 
Ed S. Smith, Jr., whose long practical 
experience in this field qualifies him emi- 
nently to evaluate various Fluid Rate 
Control Systems 4s he does in_ this 


month’s issue. 


@ Equalling the previous record, the 
New Instruments section contains thirty- 
three descriptive articles, nearly all of 
them illustrated. We estimate the read 
ing-time of these 26 columns as 52 
minutes—and what a profitable hour is 


in store for you! 


@ Of the other departments and regu- 
lar features, the Manufacturers’ Litera- 
ture has seldom been featured in this 
column. We now hasten to remedy this 
omission and to point out that every 
plant and laboratory will find it advan- 
tageous to send—every month—for some 
of the booklets and catalogues describing 


improved products. 


The Front Cover 

@ No, this conservative technical jour- 
nal hasn’t “gone Hollywood” but it has 
gone to Hollywood via the Bausch & 
Lomb Optieal Co. for a cover illustra- 
tion which is not only dramatic in itself 
(trust R.K.O. for that!) but of practical 
interest as suggestive of the wide variety 
of special microscope equipment on the 
market. Crime detection is but one of the 


many technical fields served by the mod- 
ern descendants of Galileo and Van 
Leeuwenhoek. 





“The Breaks”... and You 


ROM such statistics as are available it appears that never befor: 

in all the history of American industries has the turnover of engi 

neers and operating executives reached such appalling proportions 
So much so that if the preceding sentence were read by the “average 
technical man, he would say to himself, “I know this to be true for I 
myself am one of the statistical cases.” 

In normal times, few mature engineers, research men, laboratory 
workers or superintendents changed jobs during any given year; now, 
the majority are not doing today what they were doing a year ago; 
many have undergone a change of status since the first of January. 

No observer need consult statistics to be struck by the sad fact that 
most of the changes of status have been for the worse. Many now rid 
to work who drove to work a few months ago. Many sean the want 
ads today who scanned their assistants’ re ports yesterday. 

The impression now prevails that this process will henceforth rv 
verse itself. International economic conferences are being called: th 
“New Deal” is at work; great engineering projects will be launched; 
car-loadings, bank clearings and other indices will go up; in short, as 
the great ones proclaim, the depression is ce finitely over. 

“Consequently,” rejoices the individual technical man, “consequently 
my outlook is brighter; consequently J personally must benefit; conse 
quently my salary will be raised, or ‘they’ will offer me a better job, 
(or, “I shall certainly be offered a job.”’) 

Such reasoning, it seems to us, is faulty. It isn’t even reasoning: it 
is day-dreaming. We would not blurt it out to an ordinary audienc« 
say to the crowd at a ball game—but addressing measurement-minded 
men as we do here, we believe that we can render a distinct service by 
cautioning our readers against disregarding statistical laws that hold 
as true today as they did in normal times. 

The owner of a strategically located department store is justified in 
feeling certain that returning prosperity will augment his sales; of a 
railroad, that he will carry more passengers and freight; of securities, 
that his dividends will be higher. These certainties are founded on laws 
of probability similar to those that make the work of an insurance 
actuary a mathematical task rather than a gamble. (Even in the case 
of the securities holder, if his portfolio is not diversified, he is more or 
less of a gambler. ) 

lew individual workers whose security depends on their personal 
abilities, however, have any valid reasons for such mathematical cer 
tainty as to their own futures. 

True it is that better days are in store for our professions; true it 
is that most of us will work fewer hours for more pay—but the world 
has never owed even a bare living to every individual one of us slidk 
rule users. 

What is the answer? You know it: Personal preparedness. Vor 
out of all the welter of kaleidoscopic changes of technical personnel 
there emerges, right next to the statistical fact of demotions for the 
“average, the more significant fact that promotions came to many men 
who “know what it’s all about’’—or in equally popular parlance, who 
“know what’s what,’’—to the alert men who keep up their market value 
by keeping up their self-improvement—keeping up, for instance, their 
intimate acquaintance with modern methods and new developments. 


P.S. Our readers may find pleasure in one statistical datum: they 
constitute a group which—as appears from the small number of recent 
changes in our subscribers’ list as compared to those of trade and 
technical journals in general—is exceptionally stable, remarkably  s¢ 
cure, unusually “certain” of better days. After all, those who specialize 
in the measurement and control of physical variables should best be 
able to control some factors affecting their own status!—M. IF. Benar 
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Control of Fractional-Horsepower Motors 





By F. L. SPANGLER* 


RACTIONAL-HORSEPOWER motors in use today far 


outnumber all others. They are found throughout industry, 

in homes, schools, hospitals and virtually every establish 
ment wired for electric light and power. They are directly 
operated by all manner of people—young as well as old. They 
run under every conceivable condition of service, and their 
duty cycles are as varied as the machines they drive. 

Where speed regulation is not required, the control of frac 
tional-horsepower motors is generally thought of as only a 
simple matter of switching, like turning lights on and off. In 
many cases, however, this does not suffice, and resistors must 
be used or a magnetic switch added, perhaps with overload 
relays that can be reset without replacements; or resistors 
may be used combined with starting (or accelerating) and 
running switches controlled by push buttons or by switches 
actuated by a float or by a pressure head. The proper corre 
lation of machine, motor, and control is necessary for reliability 
and high efficiency, and requires an understanding of some of 
the principles underlying the design and application of elec- 
tric control as much as a knowledge of mechanisms. 

Originally the purpose of motor control was to provide 
means for starting, stopping, and reversing, and for speed 
control, if desired. With the arrival of mass production and 
the almost universal application of motors to small tools and 
appliances, the field embraced by the term “electric control” 
was extended to include protection against overloads and 
against hazards resulting from a temporary drop or interrup 
tion of line voltage. 


Starting and Stopping Small Motors 


Our first consideration will be the starting and stopping of 
fractional-horsepower motors, and speed regulation will be 
taken up later. The simplest method of starting a motor is to 
connect it directly to the supply line without the use of re 
sistors. This method, known as across-the-line starting, is ap- 
plicable where the starting current is not excessive and its 
duration is short enough that the windings are not apt to over 
heat while the motor is coming up to speed. Such conditions 
are met with in motors of the commutator type, both a.c. and 
d.c., having loads of low inertia, such as refrigeration machines, 
hoists, machine tools, plunger pumps, ete., which can be 
brought up to speed in perhaps 4 or 5 seconds. 

The starting currents of single-phase motors with split-phase 
starting windings are often 5 or 6 times the normal full-load 
running current. Yet these motors must be started across-the 
line in order that the starting torque will be sufficient to carry 
the load. Hence, motors with split-phase windings are limited 
to very small ratings, seldom being made larger than 1/6 h.p., 
so serious current surges will not occur at starting. 

Polyphase a.c. motors in fractional-horsepower ratings are 
usually started across-the-line, even when driving fans and 
other types of flywheel loads. 

Switches for across-the-line starting of motors may be closed 
and opened by hand, foot, rope, or shipper rod; by a change 
in water level, pressure head, or temperature; or by means of 
a magnet and armature. For many installations of fractional- 
horsepower motors, a single-pole switch will suffice for d.c. and 
single-phase a.c. motors and a 2-pole switch for polyphase a.c. 
motors. As a measure of safety, however, switches are gener 
ally provided with as many poles as there are motor leads so 
each lead is open when the switch is “off” and no part of the 
motor winding is alive. 

Switches with a quick-make and quick-break mechanism are 
preferred for the control of motors, since a quick separation 
of the contacts results in rapidly extinguishing the are and the 
are is not drawn out as it is apt to be when the ordinary type 
of knife switch is used. Maintenance has further been reduced 
by providing double-break contacts to increase the arc-ruptur- 
ing capacity of the switch, and by making the contacts of 
silver. Copper oxide, which forms on copper contacts, is a poor 
electrical conductor, but silver oxide is a good conductor. 
Hence, the heating at the surface of the contact where the mo 
tor current passes through is less with silver contacts than 
with copper, and welding together of the contacts is virtually 


*Industrial Engineer, Allen-Bradley Co 
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eliminated by silver coating, even in the case ot 
current densities. 

The arc-rupturing capacity of the switch car 
creased by means of blowout coils and are shiek 
features are not ordinarily required on switche; 
tional-horsepower a.c. motors, they may be re 
installations. The blow-out coils rupture the 
blowing the are stream away from the contact 
shields confine the are and prevent flashovers | 
cent poles. The tendency of contacts to pit and t 
is decreased materially. 


Manual Across-the-Line Switching 


Small motor-driven tools and appliances for 
the home are generally started and stopped by 1 
ated switches of several different types, such a 
snap switches, drum switches, clapper type switcl G 
of these switches are available in various styl 
switch, for example, may be operated by turnin; 
by buttons, or it may be of the tumbler type. Tl 
tons can be replaced by various types of levers { 
by the hand, foot, rope, shipper rod, ete. The ty 
of switch to be used in any specific installation 
upon local code requirements, rating of the motor 
of the switch, its cost, the kind of service for whic 
used, its location with respect to the operator or to 
it is to control, whether no-voltage protection is to 
as an inherent part of the switch, the personai li 
likes of those responsible for purchasing this swit« 
factors. 

One of the simplest types of switch for controlli 
horsepower motors is the snap switch, one of whi 
with an overload breaker, is shown in Fig. 1. Ano 
that has a large field of application is a clapper-ty 
combined with overload relays which give reliable 
to the motor against damage due to overloads. ‘I’ 
open the motor circuit if an overload is sustained | 
disconnect the motor where the overload is of short d 
as during acceleration from standstill. A hand-operated 
per-type switch with overload protection for a. 
shown in Fig. 2. The feature of this switch is that 
of an overload, the switch automatically opens and 
the motor from the line. In both switches, the overload bre 
or overload relay can be reset without opening the « t 


switch box. 
The normal reversing of fractional-horsepowe: 
discussed elsewhere in this article. 


Automatic Control of Pressure, Liquid Level, and Temperatur 


Fractional-horsepower motors driving pumps, compr 
fans, flue dampers, or oil burners may be started 
directly by a change in water level, pressure head, or ter 
ture by employing float switches, pressure switch 
stats, and other automatic devices, without the 
switches or starting resistors, provided the startir 


(Continued on Page 








Fig. 2. Open and closed views of hand — 
3-pole a.c. clapper-type switch. Overload relays - 
each side of the push button mechanism open the 
switch in case of overload. Pushing in the ‘Start 
button closes the switch and starts the motor, and 


pushing In the ‘‘Stop’’ button opens the —' sl 
trip 


Fig. 1. Tumbler type 
of snap switch with over- 
load breaker in the same 
box, for manual starting 
and stopping of small 
d.c. and single-phase a.c. 
motors. resets the overload relays If they ar 
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CYCLIC PRESSURE INDICATORS 

While with the previously described indicators a com 
plete diagram is drawn during one engine cycle, there is 
ynother group of instruments in which a complete dia 
ram is built up, point-by-point, from a large number of 
-veles. This procedure can be applied only if the suc 
cessive cycles are sufficiently alike during the taking of 
the diagram, i.e. if the differences between the cycles are 
negligible for the purposes of investigation. This condi 
tion can be usually fulfilled in the case of high-speed en 
gines under constant load and speed conditions. For the 
investigation of transient phenomena, such as for the 
study of one single explosion, or of the variation in the 
engine eycle under rapidly changing conditions, this 
method is not applicable. If, however, for the duration 
of taking a diagram a sufficient constancy of the engine 
cycle can be assured, then this method offers a far 
greater convenience and accuracy than any of the single 
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Fig. 91. Balanced Diaphragm Indicator of the Bureau of Standards (American 
Instrument Co.). 


eyele indicators. A further advantage of this method is 

that the resulting diagram represents mean values, which, 

for many engineering purposes, are preferable to the 

record of one single cycle. 

ae of Engineering Research, Pennsylvania State College 

Pe ao gee a howell. 4 eiigh Press Engine Pressurt 
- vale aphragm Type. National Advisory Com 


mit 


‘tee for Aeronautics, Technical Report No. 107, 15 pages. 


The ENGINE INDICATOR 


By KALMAN J. DeJUHASZ* 


Its Design and Theory 


(Continued from February Issue) 


Indicators in this class draw th diagram either 
1. From pressure to pressure, Le. that phase of the 
engine cycle is determined at which a given pressure 
exists; or 
2. From phase to phase, i.e. that pressure 1s dete 
mined which exists at a given phase of the cycle 
Into Group 1 belongs the balanced diaphragm indi 
cator developed at the Bureau of Standards and manu 
factured by the American Instrument Co Its princi 
ples of operation are, (a) the balancing of the evlinder 
pressure against a measured gas pressure on opposite 
sides of a metallic diaphragm of negligible stiffness, and, 
(b) the finding, by means of a timing device, of th 
engine phase at which equality of pressure occurs. 
The pressure balancing element (Fig. 91a) is a thin 


metallic diaphragm which divides a chamber into two 


~ 9la 



































010 5 0 te 30 % do % 
Crank Angie, eg 








Compression and \ 
fapansion ‘ 
age 
™“r 
No. i 
— ~ 
H+ eta 
| ¥ c YT + . t 
| r) } 5 
ech, 7) /romt , (hes 
re 
—— A & — . . 
by = : if "| —< ~< 
4 { = 
et I on al Re on eel t ge —— —, ae oe 
| 
| 4 adh | Eahaust ond Intake 
| 
ww 
a L 


Fig. 9la shows the diaphragm assembly with water cooled connecting tube, per 
forated disks limiting the displacement of the diaphragm, connecting tube for the 
balancing pressure and the electrode. Fig. 91b and c show the timer in section and 
front view. On this there are two contact pairs a and hb serving 2 circuits: one for 
the phase of the balancing pressure (a), and the other for finding the angle of 
ignition ( b). 

Fig. 91d. Diagram (pressure-stroke, pressure-crank angle) plotted from readings 
taken on a Hill-Diesel engine (Pennsylvania State College). 
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Fig. 92a. Balanced pres- 
sure indicator developed by 
Gasterstaedt in the Junk- 
ers Research Laboratories. 
(Only one of the two elec- 
troscopes is shown.) Fig. 
92c is a diagram plotted 
from the numerical re- 
sults obtained. 

Fig. 92b shows the full 
diagram with imperfect 
indication of the scaveng- 
ing operation. 
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compartments, the lower one communicating directly 
with the engine cylinder through a short, water-cooled 
passage. In the upper compartment of the chamber any 
predetermined pressure can be produced by means of a 
high pressure air (or gas) supply, a vacuum pump and 
suitably placed valves. Whenever the pressure in the 
engine cycle passes above, or below, this predetermined 
pressure, the diaphragm is deflected against one or the 
other of its limiting supports. Owing to the short nat- 
ural period of the diaphragm and to its minute deflec- 
tion (0.005 in.) its time lag, with which it follows the 
pressure change, is negligible. The phase of the cycle, 
at which the pressures are balanced, is determined elec- 
trically. The chamber body is insulated from the center 
part of the upper support which forms an electrode and 
is connected in series with a telephone, with a timing 
device and with one pole of a battery, the other pole of 
which is grounded to the engine and thereby to the dia- 
phragm. The timing device (Figs. 91 b and c) is essen- 
tially an insulating disk carrying on its periphery a thin 
strip of conducting material. It is fastened rigidly to 
some part of the engine revolving at camshaft or crank- 
shaft speed. A movable conducting brush bears against 
the periphery of the disk and effects a closure of the 
circuit for the duration of one degree of arc during each 
cycle, always in the same phase of the cycle, as long as 
the position of the brush is unchanged. By displacing 
the brush the closure of the circuit can be made to take 
place at any selected phase. 

A current will flow in the circuit and a click will be 
heard in the telephone if the circuit is closed at all con- 
tact places, i.e.: 

a, The diaphragm lies against the upper support, i.e., the 
engine pressure is greater than the balancing pressure; 
b, The timer is closed. 

By rocking the brush the two limiting phases of the 
engine cycle, in which condition a still prevails, can be 
found. Tabulating the balancing pressures against the 
corresponding engine phases, the diagram can be drawn. 

This apparatus is accurate, but it requires a compara- 
tively large installation and trained personnel for its 
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operation. Also the telephone detector 
to use. Lately, in some applications, a n 
been substituted for the telephone, whic] 

a greater convenience of operation. 

For investigating the low pressure phen 
the exhaust and charging in a two strok 
Gasterstaedt,'® in the Junkers Research | 
developed a point by point indicator of the | 
sure type (Fig. 92) in which the balancing 
light valve with very short (0.1 mm. 0 
Whether the valve lies against one or the ot 
seats, is indicated by two gold leaf electro 
phase at which the pressure is balanced « 
out by means of a rotating contact in a n 
to the Bureau of Standards indicator. The d 
can be plotted in diagram form as shown 
and Cc. 

The “Farnborough” indicator, Fig. 93 (n 
by Dobbie McInnes & Clyde, Ltd.) is based 
principle as the Bureau of Standards indicat 
fers, however, in design and also embodi: 
means. The balancing unit in this case is not 
phragm, but a light valve, loaded on the upper sid 
predetermined air pressure, and on the lower sid 
variable cylinder pressure. The moment at 
occurs is recorded by the breaking of an elect 
of which the valve forms part. The breaking 
cuit causes a spark which perforates a sheet of 
fastened to a rotating drum running at cranks 
camshaft speed. For a sparking point the sty! 
large, slow speed pencil indicator is used which 
jected to the same balancing pressure as that acting 
the top of the balance valve. As the pressure of th 
ancing air is slowly raised the sparks produce o1 
paper a series of punctures forming a pressure diag 
on a crank- (or cam-) angle basis. 

The error sources of this apparatus are: (a 
lag in lifting the valve, due to its mass and t1 
the width of the valve seat, owing to which the ba 
ing pressure acts on a larger area than do the cylind 
pressures. Therefore, both the valve mass and t! 
width have to be reduced to the lowest possib! 
This necessitates a reduction in the current densit 
order to reduce chipping of the seat. By carrying t 
refinements to their possible limits the National A 
visory Committee for Aeronautics'* has consideral 
proved the accuracy of this apparatus. 

The original valve arrangement is shown in | 
and the improved design in Fig. 93d, the data of wh 
are tabulated as follows: 


+} 





A) Original B) Improved Ratio: /) 
Design Design 
Wee: |. t—~*t*«C iia saw I 
Seat Width, inch 0.034 0.005 l 
Disk Travel, inch 0.0125 0.004 
Area/Weight Ratio 0.0957 0.475 } 
Theoretical Pressure 
Difference Required 
to lift the Valve, 
Ibs. /in.? 253 1.5 
In the improved design the disk and seat a ide 
stainless steel and can be used for 12 to 18 cards \ 


QO. Mader. Weiterentwicklung der Junkers 


Gegenk« 
Zeitschrift des Vereines deutscher Ingenieure, Vol. 69, 
pages 1369-1378. 
17M. Wood. R.A.E. Electrical Indicator. Engineerin \ 


26, 1923, pages 125-12 


26. 
A. W. Judge. The Dobbie McInnes ‘Farnborough’ 


T 


Automobile Engineer, Vol. 15, Jan. 1925, pages 9-14 
% J. H. Collins, Jr. Alterations and Tests of the 
Engine Indicator. National Advisory Committee A 
nical Note 348, 1930, 14 pages. ; 
See: E. S. Taylor & C. S. Draper. Discussion of | 
Prescott. Journal Society of Automotive Engineers, Vol 


pages 41-42. 
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The electrical circuit to the disk in the original design 
was completed through a sliding contact with the guide 
stem. This caused sparking which welded the disk in 
place and stopped its operation. In the improved design 
4 positive connection was made by means of a copper 
wire coil (five turns of 0.010” dia. wire) one end of 





which is soldered to the spindle and the other end riveted 
to the disk. 

The arcing between the disk and seat was reduced by 
balancing the circuit with a 0.2 mf. condenser connected 
across the disk and seat. The detrimental effect of spark 
ing was further decreased by using an inert gas (helium 
or nitrogen) instead of air for balancing the pressure 
The improved performance, as manifested by the higher 
recorded maximum pressure is shown in Fig. 93e which 
demonstrates the necessity of careful design and atten 
tion to detail in measuring instruments intended for ex 
acting service of this character. 

For oil engine fuel injection pressure Measurements a 
special disk valve unit has been developed (Fig. 93b 
which may be inserted in the fuel line.'” It provides a 
diagram of injection pressure variations on the card to 
gether with the ordinary cylinder pressure diagram and 
simultaneously with it 

This is accomplished by operating the disk valve by 
two opposed plungers, that on the air side having ten 
times the area of the plunger on the fuel side. The fuel 
pressure diagram has therefore one-tenth of the eylinde: 
diagram pressure scale. The 14” gas connection is 
coupled to a pipe leading to the air pipe of the ordinary 
disk-valve unit. The %.” gas thread at the bottom of the 
valve can be screwed on to a T piece inserted in the fuel 
line. 

In the Aeronautical Engine Laboratory of the Massa 
chusetts Institute of Technology another point by point 
indicator has be en de veloped which embodies a balan ( d 
diaphragm and electrical spark recording and as such it 
combines the features of the Bureau of Standards and 
the Farnborough indicators. The balanced diaphragm 
pressure element can be screwed into an 18 mm. spark 
plug hole and is only a little larger than a spark plug. 
An important refinement is that the current closed and 
interrupted by the diaphragm is not used directly for 
puncturing the card. This current solely forms the part 
of a vacuum tube relay circuit which is so arranged that 
it produces a spark at the secondary of the spark coil 
whenever the diaphragm makes contact. Therefore the 
primary current through the diaphragm contacts can 
have a very low value whereby the disadvantageous 
effect of sparking and welding at the diaphragm is elim 
inated. Special precautions are taken to avoid backlash 
and flexibility of the drum drive in order to reduce the 
scattering of points in the diagram. 

The indicator developed by K. J. DeJuhasz in 1919 
is based on the phase-to-phase principle, and, in contra 
distinction to the three instruments previously de 
scribed, does not require any auxiliary pressure source, 
nor electrical recording means.*’ Furthermore, it renders 
possible the drawing of the pressures on either crank 
angle, or piston stroke basis, at will. The balancing 
pressure is supplied by the engine itself and a normal, 
slow speed, pencil type indicator is used for recording 
The essential feature of this apparatus is a phasing 
valve driven positively by the engine under test, which, 


% H. R. Ricardo. Combustion in Diesel Engin Foury Institu 
Automobile Engineers, March 193 On page hed a | 
tion of the “Farnborough” Indicator for tl investigation of fuel line 
pressures, 

2K. J. v. Juhasz. Uj eljd4ras gyorsan lefolyé, periodikusan ismétl 
nyomasvaltozdsok vizsgalatara. (A new method for inve atin 
cally recurring rapid pressure phenomena.) Dissertation, Budat 
versity of Technical Sciences, 1922, 30 page 

K. J. v. Juhasz. Versuche an einem Automobilmotor. Forschus 
zur Auto-Technik, No. 2, Klasing & Co., Berlin, 1925, 14 page 

K. J. DeJuhasz. A novel method for testing internal combust 
engines. The Automobile Engineer, Vol. 12, May 1922, pages 143-14 

K. J. DeJuhasz. The DeJuhasz Indicator. The Automobile Engineer, 
Vol. 15, Sept. 1925, pages 292-29 

K. J. DeJuhasz. The DeJuhasz Indicator. The Automobile Engineer 
Vol. 19, Aug. 1929, pag 303-307 
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Fig. 94. Interrupte: 

4 Valve (right), Phase 
(@\ Changer (middie) and 

, Drum Gear (left) of the 

f im: DeJuhasz high speed en- 
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gine indicator. 





Fig. 94c. Diagram of the general arrangement of the DeJuhasz higt 
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Fig. 94a. DeJuhasz high speed engine indicating apparatus complete with normal 
external spring indicator, mounted upon an automobile engine on the test bench. —~ je ee 





Fig. 94d. Reproduction of diagrams taken with the DeJuhasz indicating device 
from various engines. (1/2 actual size.) 

(a) and (b) Heavy and light spring cards of a normal 4 cylinder engine 

(c) and (d) Heavy and light spring cards of a supercharged engine 

(e) and (f) Cards of a 2 cycle engine. 

(9) and (h) Cards of a 4 cycle engine, on a crank angle basis. 

(1) Diagram taken with very light spring on the carburetor throat 

(k) Card taken on the intake manifold under different operating conditions of the 
engine, the phase under test being set at the lower dead center 


at predetermined phases of the consecutive cyc! 

the communication between the engine cylind: nd t 
pressure indicator proper. The duration of co1 

tion is a small fraction of the engine cycle, during 
the pressure in the cylinder can be regarded as 

The indicator will then record that pressure © 

ists within the engine at the tested phase. By nging 
the phase relation of the phasing valve timing rel 
erence to the engine cycle, another point can take 
and thus consecutively the pressures in the comp! 





recorded. The change in the phase relation 
plished by a planetary gearing device similar 


Fig. 94b. Valve unit mounted on an automobile engine for taking diagrams on A : : , 
the road. to the differential gear of an automobile. By 
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Fig. 94e. DeJuhasz Indicator with dou- 
ble rotary valve. Shaft is driven by 
engine; Shaft II of second valve is oper- 
ated manually. From this latter shaft the 
indicator drum is operated. 

Fig. 94f. DeJuhasz Indicator showing 
combination of interrupter valve with the 
recording indicator. Shaft I is driven 
from the engine; the hand-operated shaft 
II actuates the second valve and also the 
drum drive. 

Fig. 949. DeJuhasz Indicator showing 
rotary valve driven through a_ planetary 
gearing. Shaft I Is driven by engine; 
Shaft II is manually operated and effects 
the shifting of phase. 





coordinating the timing of the valve to the movement 
given to the indicator recording drum the pressure cycle 
can be recorded as a function of either the piston travel 
or the crank travel of the engine. Since the speed of 
both moving parts, i.e. the indicator piston and recording 
drum is low, the inertia errors are completely eliminated. 

The instrument consists of the following main four 
components : 

1. The pressure measuring indicator, adapted for this 
special service, with external spring and interchangeable 
cylinder and piston sets giving any desired pressure 
scale. It has the usual recording drum upon which the 
card is fixed. 

2. The interrupter valve (Fig. 94) being of the double 
sleeve valve type, in order to provide a quick opening 
and cut-off with ample cross sectional area. Freedom 
from leakage is obtained by careful workmanship, the 
diametral clearance between the valve units being of the 
order of 0.0004 in. One outlet is connected to the engine 
cylinder, the other to the indicator cylinder, by means 
of suitable copper tubing. This is driven by the “see 
ondary shaft” of — 

3. The phase timing planetary gear, the “primary 
shaft” of which is in turn driven directly by the engine 
by means of a chain, bevel or other positive drive. The 
‘tertiary shaft” of the gear can be turned by means of 
a worm drive through a hand crank. Thereby an addi- 
tional rotation is imparted to the secondary shaft. This 
brings about the changing of the phase under investiga 
tion, From the “tertiary shaft’ is actuated— 

4. The drum actuating gear made up of a crank and 
connecting rod mechanism of variable r/u ratio to be ad- 
justable to that of the engine under test, from the cross- 
head of which the movement of the indicator drum is 
derived. 

Parts 2, 3 and 4 are constructed in one integral unit 
as illustrated. The relative position of the different parts 
can be varied in order to facilitate mounting the equip- 
ment on different types of engines and also the inter- 
tupter valve can be separated from the rest of the appa 


ratus if the local conditions of the engine tested mak« 
such an arrangement preferable. The indicator itself 
can be placed in any suitable position, away from th 
engine. The apparatus has been successfully used on 
engines up to 6000 r.p.m. A few sample cards are shown 
in Fig, 94d. An error source of tiis type of equipment 
is the leakage which may occur in the various pipe unions 
and in the valve element. Therefore all unions have to 
be made scrupulously air-tight and the valve copiously 
lubricated with high viscosity oil in order to provide an 
effective sealing. 

The patent specifications of DeJuhasz describe also 
other types of the interrupter valve. Fig. 94e shows a 
rotary valve driven by the engine encased into another 
rotary valve manually operated. Each of them is pro 
vided with a slot: whenever these register with each 
other the pressure medium can pass from the engin 
cylinder to the indicator cylinder. By turning th 
hand-operated rotary valve the indicator drum is actu 
ated thereby as shown in the drawing.?! Fig. 94f shows 
the combination of the indicator and the interrupter valve 
into one compact unit. Fig. 94g shows another combina 
tion in which only one rotary valve is used. The shifting 
of the phase is accomplished with the aid of a planetary 
gearing. 


Of course, any kind of valve, such as poppet valve,’ 


1 ¢ H. Gal The Gale High Speed Indicator l] Ienqu ’ Vo 

142, Sept 4, 1926, paves 332-333 
M Jacklin. Some Use of the High Speed Multi-Cylinder It 

dicator. Mechanical Engineering, Vol. 49, May 1927, page 13, d rile 
experiments with a point by point indicator with poppet type inter 
rupter valve.-See also 

H. M Jacklin Balancing Power Output in) Multi-Cylinder FE: 
Journal of th S wt lutomoti ’ neers, V« No 
pages 525-532 

Ford L. Prescott. Indicator isa mea ca \ I 


Performance. Jour) tet f Automot Engw , Vo 
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Fig. 95. ‘‘Pressure Detector’’ of Young (Elliott Brothers, Ltd.), with electro- 
magnetically operated interrupter valve. Fig. 95a shows the details of the valve. it 
is kept on its seat by the spring and is lifted by the solenoid acting upon the iron 
core attached to the upper end of the valve stem. The valve lift can be regulated 
by the adjustable stop forming the spring housing. 
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conical and flat rotary valve, could be used. However. 
for the service on high speed internal combustion engines 
the valve has to fulfil a number of important require 
ments, such as: 

a) it is essential that the communication period be a 
small fraction of the engine revolution, so that the pres 
sure change during the opening period be small; 

bh) during this short period the valve must provide a 
large opening area of high orifice coefficient so as to give 
an unobstructed passage for the flow of the medium; 

c) the valve must be free from leakage under high 
pressure and high temperature conditions. Any leakage 
constitutes a serious source of error when it is considered 
that the time available for leakage is a large multiple of 
the duration of communication. Therefore it is important 
to avoid distortion from heat which induces leakage ; 

d) it has to be of small dimensions and weight and of 
such a shape which permits a short connection to be made 
to the space to be investigated. 

These requirements are best satisfied by the double 
sleeve valve used in the apparatus as manufactured. 

The “Pressure Detector’ developed by N. Young in 
connection with Elliott Brothers Ltd. falls also into this 
latter class and merits mention owing to its electromag- 
netically actuated phasing valve. The current is sup 
plied by the aid of a rotary contact-maker in a predeter- 
mined phase of the cycle. The general arrangement is 


shown schematically in Fig. 95. 
¢ @ 


Control of Fractional Horsepower Motors 
(Continued from Page 46) 


of the motor is not so great as to overheat the motor. Typical 
control switches of this type are shown in Figs. 3 and 4, which 
show the mechanism of a float switch, combined with two 
overload breakers in the same box, for controlling a small 
3-phase squirrel-cage motor, and a pressure switch for con- 
trolling a pump motor on a self-contained residential water 
system. Motors so controlled are automatically started and 
stopped by closing and opening of the switch, thereby main- 
taining between certain fixed limits the water level, air pressure, 
coil temperature, room temperature, or steam pressure. These 
switches have quick-acting mechanisms and double-break silver- 
to-silver contacts to reduce maintenance and increase reli- 





Fig. 3. View of mechanism of float 
switch, showing three-pole switch and 
overload breakers. This switch will 
handle fractional horsepower motors di- 
rectly and may be used as pilot con- 
trol in conjunction with an automatic 
starter. 


Fig. 4. This small motor-operated 
automatic water system is controlled 
by a pressure switch located below 
the motor and connected to the water 
pipe through a nipple. Fluctuations in 


switch, thereby starting and stopping 
the pump motor and maintaining the 
pressure between certain operating 


pressure close and open the pressure limits. 
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ability. If these switches are installed out-of-d 
are exposed to the elements, or in damp 
should be of water-tight construction. 


READERS' COMMENTS 


To the Editor of Instruments: 

In the April 1932 issue of Instruments, ther 
article by Charles Susa on “Determining Rar 
Bourdon Springs.” In this article he gives for 
termining the range. 

In a paper by H. Lorentz in Zeitschrift | 
page 1865 (1910) on “The Theory of the Tul: 
meter,” he gives a formula for determining 
rotation for any type of Bourdon spring fron | 
of its dimensions. For a Bourdon tube whose thi: 
in comparison to its width the formula reduces | 


ing: 
A 1.16 P Ry? 
Ao h Eb 
where A the angular rotation of the end of 
Ag the total number of turns in geomet 


the helix or tube. 
: the excess of internal over external 


Ro —the radius of the helix or tube. 
h =the wall thickness. 
E Young’s modulus for the material 


b the thickness of the tube measured fro; 
of one wall to the middle of the ot 
Applying this formula to the example given in Mr, § 
article, we get the followiny: 


The pressure “P” 175 Ibs 
The wall thickness “h” 0.027 
Material Brass 
Modulus of Elasticity 13,4.00,00 
Radius 0.5” 


Thickness of tube “)” 
section thickness 


minus wall thickness : 0.057 
Ao : 360 
The results are 
A 2.37 
The actual results gave A = 2.73°. The discrepai 


due to the figure used for the elastic modulus of t 

since this varies considerably with the degree of rking | 
which the original brass was subjected in making wy 
Bourdon tube. 

The above formula, of course, is only approximate, but 1 
the less, is a much simpler one to deal with than th 
given in Mr. Susa’s article. The formula is based 01 
principles in connection with the elasticity of met 
strictly true only for a Bourdon tube of elliptical sectior 
for a very flat Bourdon tube gives results that agre 
well with experimental values. 

Yours very truly, 
Tue Brown InstruMeNT Compan) 
Philadelphia, Pa. H. A. Rownick, 
February 14, 1933. Engineering Department 
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Flow Measurement 
and Control 


By M. F. BEHAR' 


CHAPTER XXVIII 
AUTOMATIC CONTROL OF FLUID FLOW 


|, What is an Automatic Flow Controller? 


“Automatic flow control,” in its broadest sense, takes in a multitude of 


vices and a wide variety of engineering problems. All liquid level controllers, 


ind most pressure and temperature controllers, are “flow controllers” in the 
broad (and not incorrect) sense of this expression, since they control the flow 
f fluids. As a matter of fact, the combination of any valve with any device 


hich eliminates manual operation may be said to constitute an automatic flow 


control system. This is the loosest of technological viewpoints, however, and 
not that of Instrumentation: As was pointed out in Part One, “before a con 


dition can be controlled, it must be measured” and an automatic controller 


consists essentially of a primary element or measuring device commanding 
valve, rheostat, brush ring or other final element. “If it has no measuring 
element, it is not an automatic controller.” We laid down also the principle 
that any industrial automatic control instrument or system belongs to the 
sarticular branch of Instrumentation to which its measuring element belongs 
Regardless, therefore, of the various terminologies employed by control 
srument manufacturers, Instrumentation declares that an automatic flow 
ontroller is one consisting of a flow “meter” commanding a “valve.” 

This at once rules out of this Part of the Manual numerous devices which 
could be called automatic flow controllers (certain steam traps, for example) 
ind some really excellent systems which are so called. This chapter, then, deals 
mainly with systems embodying fluid meters—with what some manufacturers 
call “instrument type controllers,” an important proviso being that the “meter” 
measure rate of flow. This proviso excludes fluid quantity controllers, such as 
automatic barrel-filling devices, etc., comprising a meter which does not meas 
ure instantaneous rate of flow. The use of the term “meter’—-for the part 
ir parts which, in other branches of Instrumentation, are designated as “pri- 
mary element” is not only appropriate in connection with flow controllers but 
it is necessary, because in fluid metering “primary element” refers to the part 
fa meter “which is in contact with the fluid and is acted on directly by it” 
(AS.M.E. definition) so that confusion would result from making it refer 
to the entire meter of a flow control system. Note however that the “meter” 
facontroller need not always be a true measuring instrument. It need not be 
calibrated. In some cases it need only “respond” without following any “law.” 

Specifically, then, this chapter is limited to the automatic control of fluid 
flow rate and mainly to systems embodying meters capable of continuous 
measurement of instantaneous rate. 

Of flow control it is true—as of pressure control, temperature control, « 
that the measuring characteristics of the measuring element (see ( “hap. Il) 
influence the performance of the controller as a whole (see Chap. III). The 
metering element of a fluid rate controller is of paramount importance, there- 
fore. In fact, the classification of flow controllers according to the types of their 
meters is undoubtedly the most useful classification with reference to pre- 
dictability of the performance modes of control systems being considered for 
any particular application. However, to avoid repetitions and for reasoris 
which will appear, the author has arbitrarily decided that this chapter should 

follow an arrangement different from the listing of control systems by types 
corresponding to types of meters. (The characteristics of the numerous ty - : 
and subtypes of meters have been discussed in the preceding chapters.) As 
matter of fact, in view of the great variety of meters capable of continuous 
measurement of instantaneous rate, it has seemed best to reduce the meter to 
the barest essentials and to discuss the other control elements. Fig. 28-1 shows 
conventional representations of fluid rate meters, any of which could serve 


*Part Six of The Manual of Instrumentation, 
‘Engineering Editor, 
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HE BAILEY BOILER PANEL gives 

complete information for controll- 
ing boiler operation. It contains the 
Bailey Boiler Meter, a Bailey Fluid 
Meter with which is combined a Boiler 
Water Level Recorder, and a Bailey 
Multi-Pointer Gage. The operator 
has everything right before him to 
obtain the desired capacity and best 
efficiency at all times. Request 
recommendations for your boilers. 


PRESSURE GAGE 


Extremely accurate 
gages embodying 
the dead weight 
gage tester prin- 
ciple are available 
in several sizes up 
to 36” in diameter 
for indicating at re- 
mote points the 
pressure of steam, 








water,gas,etc. These 
gages can be used 
with any pressures and are particularly 
suitable for magnified ranges. Ask for 
Bulletin No. 70. 


LONG DISTANCE INDICATOR 


Bailey Meter Selsyn Operated Equipment for 
recording and indicating pressure, tempera 
ture, draft, liquid level, etc. at any distance 
from the source is highly accurate and reliable. 


Described in Bulletin No. 110. 
<@ 


ADJUSTABLE 
ORIFICE 


The Bailey Adjustable 
Orifice is for use with 
Fluid Meter installations 
where accurate measure- 
ments are desired over 
a flow range of as wide 
asl60tol. Ask fordetails. 


BAILEY METER CO. 


1041 IVANHOE ROAD 
CLEVELAND, OHIO 
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INSTANT 
KNOW LEDGE 


of your flow conditions 
with the 





FLOW 
INDICATOR 


Dial-type 
Flow Indicator 





Dial and Mercury column types...These 
Indicators are applicable for indication 
of flow-rates of water, oils, chemicals, 
air, gas and steam under wide range 
of conditions 

Maximum W.P.—Dial type......... 250 Ibs. 
Maximum W.P.—Mercury type 2000 Ibs. 


Both types used with MJL Orifice and 


Flanges...W rite for complete literature. 


MOREY & JONES, Ltd. 
Manufacturing Engineers 
923 So. Hemlock St., Los Angeles, Cal. 








MANUFACTURERS’ 
LITERATURE 


In this department we each month list 
the printed matter issued by manufacturers. 
Unless otherwise noted, any of the items 
listed may be secured free upon applica- 
tion to the issuing firm. Manufacturers who 
have not yet sent in their printed matter 
are invited to do so. 





A52 Portable Instruments. Price 
Sheet No. 1 for Catalog No. 123 describ 
ing d.c. and a.c. portable instruments 


with steel cases about 6” square. Rolle 
Smith Co., 233 Broadway, N. Y. 

A5d3 Balances. Circulars describing 
ind illustrating torsion balances for 
laboratory and industrial work. The 
Torsion Balance Co., 147 Eighth St., 
Jersey City, N. J. 

\54 Counting Instruments. A folder 
describing counters and contact 
switches for high speed folding ma- 
chines, etc. Production Instrument Co., 
1315 S. Wabash Avenue, Chicago, II. 

\55 Machinery Timers, Bulletin No. 
197 features special purpose machin- 
ery timers for reversing of laundry 
machinery, acceleration of large planer 
motors, acceleration of elevator mo- 
tors and hoists, flashing of visible de- 
vices, ete. Eagle Signal Corporation, 
Moline, Ill 

A56 Relays. Bulletin No. 199 = de- 
scribes rugged, flexible and dependable 
relays designed for back, front or jack 
connections. Eagle Signal Corp., Mo- 
line, 111 

\57 Air Weight Control. A circular 
issued by the Foxboro Company, Fox- 
boro, Mass., featuring cupola. air 
weight control which makes possible 
uniform melting temperatures: elimi- 
nation of “burnt” iron; 10 to 40% sav- 
ing in coke, ete. 

A58 Measuring High Pressure. A 
leaflet describing apparatus for pro- 
ducing and for measuring high pres- 
sure. P. J. Kipp & Zonen, Delft, Hol- 
land 
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our purpose. Sketch “A” is recognizable at first glance as a 
element, responding to rate. For this very reason we do not fay 
of a fluid rate controller need not be of the head class. (Inte: 
is the representation favored by Wunsch in his recent treatme: 
and Volume Regulators.*) Moreover, the ordinary unloaded 
notoriously inaccurate measuring element. Weighing all factor 
to follow the recommendation of Ed S. Smith, Jr. (co-author | 

see below) and adopt “B,” which is as representative of tl 
ments of the flow controllers actually in service as any scher 
could be 
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Fig. 28-1 


Another way of classifying fluid rate control systems would 
classes and types of the final elements—the valves. Valve chara 
much to do with controller performance, and some notes on thi 


included in §7. 


It so happens, however, that in this field of fluid flow control, (1 


the meters used successfully for metering are used for automati 
few of the valves used successfully for hand control and discussed 
technical literature are used for automatic control and (3) prop 
fluid rate depends largely on the elements whereby the meter con 
valve. 

The subject under discussion, after all, is not what a flow cont: 
be: to deal with that subject by merely describing the possible com| 
meters, valves, connecting and operating elements such as pilots, mot 
ups, dampers, capacities, by-passes, etc., would add to this book sor 
of academic discussions. On the contrary, now that the question 
flow controller?” is answered, what is needed is (a) a concise pract 
of the various practicable classes of fluid rate controllers, foll 
brief descriptions of some representative commercially available 


OW 


(a) The required analysis—a work for which there was no precedent 

has been prepared by Ed S. Smith, Jr. He should need no introducti 
of this book, for several original A.S.M.E. papers on fluid metering whicl 
have already attained international recognition. Moreover, flow controlle: 
developed are serving in various industries. 

(b) For the descriptions of commercially available controllers wh 
chapter (§8 et seq.) the author of this handbook assumes entire respo1 


ANALYSIS OF FLUID RATE CONTROL SYSTEMS 
By Ep S. SmituH, Jr., M.E. 


Hydraulic Engineer, Builders Iron Foundry 


2. Definitions 

Due to the characteristics of the flow meter in a flow controll 
ficulty of metering pulsating or transient flows is added to the us 
met with in the control of temperature and other processing condit 
is no universally “perfect” mode of control since the requirement 
applications are for different modes of control. For some cases, t] 
portant factor is to keep the momentary deviations of rate within tl 
possible limits of the desired mean. For many cases, however, it 


portant to maintain the average at the proper value—slight moment 


tions being of no significance. Fundamentally, there are only a fe 
control that have any general application in rate control of fluids. A 
qualitative, is presented that permits the numerous controllers t 
as to their possible performance, including their inherent limit 
analysis permits a fair figure of merit to be applied to each. 
*Regler fiir Druck und Menge by G. Wiinsch, chief engineer of the Askania 
XVIII in Part Four (Handbook of Pressure and Vacuum Measurement and ( 
a condensed translation of this excellent work, and describes some “flow contro 


the reader will find it interesting to study in connection with the present chapt 
control 
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4 few definitions are desirable. A controller of which the valve is operated 
he meter without additional power is said to be a self-operating controller 
ny eu 


1 to give “direct control.” If the meter releases power from an additional 
ye the control system is known as a “pilot” controller and gives “pilot 
soure - ; 
aan With direct control the valve is so tied to the meter that hunting 
cor ] 


< pot met with. Pilot control permits powerful forces to move the valve with 
7 overloading the meter and impairing its accuracy, so that this class of con 
-ollers—-comprising the majority in industry—is inherently the most accurate 
-y the sense that proper corrective action is more nearly attained whatever the 
variables However, this very fact of increased sensitiveness carries with it a 
wendency to hunt, unless an additional element, the “follow-up,” is added to 
se the motion of the valve to that of the meter, preventing over travel of the 
olive while the meter is approaching the actual rate. A follow-up connecting 
che valve and the pilot is the usual form of this device. Thus the follow-up 
brings the pilot back to its neutral position as soon as the valve has moved the 
oroper distance, so that the valve cannot over-travel and cause a hunting 
cycle to be set up. - : . r 

“Control is generally either to a “point” or within a “band” or “zone.” With 
soint control, the rate will only momentarily be exactly at the point. This mode 
»f control is therefore inherently unstable unless fitted with a follow-up. With 
band control, the valve goes from open to shut within certain narrow limits 

{ the rate shown by the meter, say over a 3% wide band, considering the 
fyll width of the graduated portion of the indicator as 100%. Obviously a 
controller that operates over a fairly wide band can be stable in operation and 
till have the valve operate with sufficient speed to meet many commercial 
cases satisfactorily. However, when precise yet rapid control is necessary, a 
followup and point control form the combination closest to the ideal. 

The problem with ideal control is to retain the precision of the point control 
and also the stability that accompanies control over a band with a follow-up. 
This joint requirement is attained by a “spring” that permits the control to 
operate momentarily over a band with any departure from the set rate and 
having a follow-up of the valve movement by the pilot, and then with a 
“dashpot” gradually restoring the pilot to its neutral point. 


3. Classes of Systems, and Modes Obtained 

|) Self-operating Controllers—Direct Control, Non-corresponding. 

The meter is directly connected to the valve, i.e. without supplementary 
power, and the valve tends to open wide or shut tight whenever the metered 
rate differs from that set (point control), so that there is no correspondence 
between the metered rate and the position of the valve. The meter merely 
indicates whether the rate exceeds or is less than that set. The valve responds 
consequently, not to the amount of the difference of the actual rate from the 
set rate, but merely to the sign of this difference. This mode of control may be 


SELF-OPERATING FLUID RATE CONTROLLERS — DIRECT CONTROL 
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either stable or hunting, depending upon the lag of the meter behind the rate 
f flow. With a lively meter and a proper valve (one with graduated action), 
the mode obtained will be stable, with the valve steadily maintaining its proper 
position at all times. However, if the meter lags seriously behind the flow, then 
the meter will keep the valve in the wrong place at each moment. Hunting 
will then result from the continuous effort of the meter and hence valve, to 
follow the flow changes that the controller itself sets up. This control may 
break down in the final case to “off-on” control, or “two position” control if 
by-pass valve is provided around the control valve 


2) Self-operating Controller—Direct Control, Corresponding. 
The meter and valve are again directly connected. However in this case, 


\7S Smoke Tube Draft Gauge ad 


scribed in catalogzue No, 640 is used ts 
make draft determinations accurate 
ind conveniently. E. Vernon Hill Cs 
121 N. Clark St., Chicago, Ill 

\79 Power Piant Apparatus. \n ad 
Vanee circular describes power plant 
and mechanical specialties Morey «& 
Jones, Ltd., $922 South Hemlock St La 
Angeles, Cal 

\sS0 Spectrophotometer. \ 1-} 


leatlet describes with illustrations a 
new apparatus for absorption etre 
photometry Adam Hilger Ltd oS 
Kings KRd., Camden Rd., London N \\ 
l, England 


ASI Echelon Cell. An illustrated 
booklet describing "The Notched Ech 
elon Cell” which enable ibsorption 
Spectra to be taken through 10 differ 
ent thicknesses of solution in one n 
gle exposure, yielding on the plate i 
multiple spectrum consisting of the 
taken through the 10° thickn: ‘ of 
solution each together with an appro 
priate comparison spectrum \dam 
Hilger, Ltd., 98 Kings Rd Camden 
Rd., London, N. W l, England 

A&2 Projector. A circular issued by 
the Bausch & Lomb Optical Co., Roch 
ester, N Y.. describes in attachment 
Which enables the leeturer to face } 
1udience and at the same time operate 
his own machine 

\83 Precision Balances, recommend 
ed to the textile industry as an aceu 
rate and rapid device, in ula 


issued by Alfred Suter, 200 Fifth A 
nue, New York 

AS4 Draft Regulators. Two cata 
logues just issued by The Carrie] ! 
Eineering Co., Michigan City, Ind 
“High Buildings With Low Fuel Bills 
and the other, Catalogue No 100° on 
“Carrick Furnace Draft Regulators 

A8&85 Photo-Troller. A new leaflet ds 
scribing the Photo-Troller and its ap 
plications: opening and closing door 


Ve 


counting objects, “detecting paper 
brakes" on paper machine, ete., West 
inghouse Electric and Manufacturin: 
Co 


A&S6 Transformer-Relay. Bulletin No 
110 describes Mercoid type V Tran 
former-Relay with sealed mereury con 
tact and low voltage pilot circuit. The 
Mercoid Corp., 4201 Belmont Ave., Chi 
cago, II. 

A87 Tong-Test. A 6 page folder de 
scribing the Crompton Tong Test used 
to check balance in 3-wire Edison S\ 
tem, in a 3-phase system, to determine 
the current in individual plating tanks 
ete Baitinger Kleectri« Co., Ine a5 
Chamber St., New York, N 

ASS Thermostat, Bulletin No. 25 d¢ 
scribes the Hornung “Infiltration” 
Thermostat. Central Heat Appliances 
343 South Dearborn St., Chicago, I] 

A889 Microscope, Folder on the Uni 
fled Slit Ultramicroscope used to sim 
plify the study of colloids. Bausch & 
Lomb Optical Co., Rochester N y 

A390 Telescope, Folder on a_ utility 
observation telescope which is easily 
carried around in its case, slung ove: 
the shoulder. Bausch & Lomb Optical 
Co., Rochester, N y 

A9%1 Current Meter. 28-page booklet 
describes construction and use of Ott 
meter Mark V_ adaptable to almost 
every condition governing the meas 
urement of water flow A. Ott, Kemp 
ten, Bavaria, Germany 


\92 Galwanometer. A’ circular fea 
turing the Moll vibration galvanomete 
intended for measuring a.c. of frequer 
cies of from 100 to 2500 evels r. o 


Kipp & Zonen, Delft, Holland 


INSTRUMENTS, 3619 Forbes St., 
Pittsburgh, Pa. 


Please have me supplied with a copy of 
each piece of Manufacturers’ Literature 
listed below. 


Name 

Position 

Firm 

Street and No. 


City State 
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E the position of the meter indicates the flow rate. C msequent 
position of the valve corresponding to each flow rate, provided 
other factors remain constant. In other words, the further th 


INSTRUM ENTS from its mean set value, the further will the valve move from it 


naturally within the limits set by the open and shut positions 
Write Information Section, Instruments Publishing This class of controllers gives stable modes of control and < 


Company, for additional information. } lv by hav >xcessive | he ste - | ] 
Nnunt only Dy Naving an excessive lag in the meter or Dy hav: 
P P S S 4 Vi 


attempt to control over too narrow a band, in which case it 





because > *ter lags more res re S ce 
Square-Case Instruments because ~ -_ ag more in responding to “0 than to large 
‘ ‘ rate of flow. Thus the time for an infinitesimal lag is excessive w 
Westinghouse Electric & Mfg. Co. ne fee wes a 
of the control band approaches zero. Here the meter also will 
RTISTICALL Y-proportioned variations that are less than its sensitivity 
square cases designed to utilize E 
a minimum of switchboard space (3) Pilot Point Control, Non corresponding. 


feature a new line which includes am- 


os re : ove The meter actuates the pilot. This in turn controls the supplem 
meters, milliameters, voltmeters, milli- : 


voltmeters, single and polyphase power that moves the valve. This control is to a point since, as in m 


























factor meters, frequency meters, and syn- the valve moves as long as the pilot is not at its neutral positi 
chroscopes. Both a.c. and d.c. instru 
ments are intended for service on large PA A oF oe: Te re 
| 
== ey 
3. Non- corresponding 4. G ‘ 
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has to operate very slowly, since otherwise it will seriously 
proper position before the meter, and hence pilot, has had time to s 
at the neutral point. In the extreme case this also degenerates int 
two position control. 
(4) Pilot Band Control, Corresponding 

The meter actuates the pilot, which has the characteristic that 

I 

position normally corresponds with the pilot position, as with an ai 
controller, when the pilot opening increases, the pressure over 





switchboards of steel, ebony asbestos, or 























slate. Radio frequency and rectifier de valve’s diaphragm increases and the valve opens a distance depx 
ire available for low energy a.c. the stiffness of the opposing spring. However the valve position will 
applications. - . . 
The type H case measures only 5%” correspond with the metered rate if any of the following objectio: 
square by 11/16” deep, and the ‘design ditions exist: the control band be too narrow, the valve speed ce 
makes the appearance of a group as meter be excessively over- or under-damped. 
pleasing as that of each unit. . This class of controllers gives modes inherently much more stabl 
Retaining the fundamentals of design ieee 4h wil Dies os + aes vail +} _ Ne aiellla laa, 
sand: in pateiees Setiaababes veend- class (3) and has some vogue alt tough it is far less stable than 
type instruments, the H line has greater following three classes of modes, (5) to (7) inclusive 
overload capacity, the better to with- 
stand severe stresses of short circuits. etino F Cc ON Tt AOL = nt ‘d 
. * @ = 
_— 
Vacuum Contact Relays — Lf 
Ward Leonard Electric Co. | 4 
J A gig 
toati _ arei | ae ah 
OR applications where non-arcing, ’ | 3 I J / [1] 
instantaneous and positive contact in > Ss Alt T + ] 
the electric circuit are essential fea- /¢ = i= y 
tures of the switching device, these re- ~ i 
, lays operate on a_ small . - esas ean aaa 














amount of current, con 





| trolling power circuits a P * 
a m o ane penn oe . Corresponding, with Follow up 6 Corresponding, with Follow-up, Spring 
gh as ‘ , y 
ously or 8 amps. intermit- Fic. 28-6 Fic. 28-7 : 
tently, either a.c. or d.c. a g. 2 
(non-inductive) at 110 or (5) Pilot Band Control with Follow-up, Corresponding. 
220 volts. The vacuum con- 
tact is mounted in the The same elements are used as in class (4) with the addition of 
metal base and fully pro connecting the valve and pilot. In this way the position of the 
ee a occ eee correspond at all times with the rate shown by the meter. For 
age ase | = 1, DV In. - - * we ‘ 
SES SRS SES Se the valve goes from open to shut in 4% of the full rate scale of 


Depth without enclosing cover is 154 in. 
Obtainable in single and double pole, 


the valve would be in its mean position when the rate is correct a 
normally open and normally closed. open when the metered rate is 2% low; and be entirely closed 
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metered rate is 2% higher than that set. This control is adequately stable but 
the control band is wider than may be desirable. 

6) Pilot Momentarily-corresponding Point Control. 

This class uses the same elements as class (5) with the addition of a spring 
ind dashpot that restore the pilot gradually to neutral so that the rate ap 
oroaches that set. This is generally considered to be the ideal mode of control 
since it is the most stable of any for any given speed of valve movement and 
vet controls precisely to a point. 

7) Constant Speed Quantity-rate Control. 

A displacement meter has a governor attached so that the valve is operated 
to maintain the meter at the desired speed. This simple device gives practically 
the same control as the ideal mode (6). The only difference is that it does not 
respond quite as rapidly to a sudden change of rate as does class (6), a matter 
that is generally of no consequence. 


4, Elements of Controllers—Meters 

Two broad classes of meters are used in governing flow controllers: (1) 
true meters in which the position of an element corresponds with the rate 
f flow or some function thereof, such as the pressure differential; and (2) 
comparative rate mechanisms, having an element that moves in one direction 
whenever the rate is in excess of that set, and in the opposite direction when 
ever the rate falls below that set, indicating the “sign” only of the difference 
ind not the magnitude of this difference. 

(a) True Meters. 

Meters used for pilot control have two principal points affecting the con 
trol characteristics: (1) the indicator scale spacing, as to whether even rate 
or square-root (even differential) spacing is used, and (2) the degree of 
damping of the meter. 

1) Indicator Scale Spacing. 

With the square-root spacing, the working range of the control system is 
greatly reduced due to the crowding of the graduations at the lower rates 
lf the control band is of a given width, the corresponding rate variation in 
creases excessively at the lower rates. However, with even rate spacing, the 
scale is stretched out to its true, normal length at the lower rates. 

Again, the upper 20% of the rate is generally used only as a safety margin 
reserved for the infrequent cases when the flow momentarily exceeds any 
usual value. With square-root spacing, the 80% rate is at only 64% of the 
scale so that the upper 36% of the scale is wasted, instead of only 20%. 
Here again, the superiority of the even rate spacing is evidenced. 

With a given damping of a meter, the meter will be much more lively at 
the higher rates than at the lower. The square-root spacing aggravates this 
difference by stretching out the scale at the higher rates so that the liveliness 
of the meter in this region is greatly increased. The even rate spacing, on the 
other hand, extends the lively action of the wider spacing down into the lower 
rates where the motion would be far too sluggish with even differential spacing 
2) Meter Damping. 

_ Since the meter responds to changes in the flow rate, it must lag somewhat 
cehind them in point of time. The time-lag depends upon the damping of the 
meter due (in mercurial types) to the friction in the piping connecting the 
mercury wells, and (in all head types) in the piping connecting the secondary 
to the primary. An under-damped meter will swing or “surge” past the control 
point without giving the valve adequate time to settle at its proper position. 
An over-damped meter will move so slowly that the valve will have gone 
‘ar past its proper position before the meter has crept up to the control point 
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Small Split-phase Motors 
The Leland Electric Co. 


HIS company announces a line of 
split phase and also a line of electro 


lytic start motors, the split phase, 


type KS, form KSA rigid mounting and 
KSAT cradle 
rubber spring 


mounted; the 
electrolytic 
start split 
phase, type KL, 
form WKLAA, rig 
id mounting 
ind form 


KILA'T eradle 


rubber spring 





mounted, ‘Type 
KS split phase is for applications re 
quiring a motor of quiet operating char 
acteristics, normal torques, and light 
starting torque. Type KL is for oil burn 
er, stoker, or refrigerator applications 
where ultra-quiet operating character 
istics and moderately high torques are 
required, In the type KL the box con 
taining the electrolytic 
fastened to the top of the motor stator 
This box is extremely rigid, and there is 
no necessity of mounting it separately, 


condenser is 


Start to run changeover is accomplished 
by a specially designed mechanical switeh 
similar to that used on type K capacitor 


Available in , 1/6 and h.p. ratings 


© > 
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Photoelectric Controller 
Westinghouse Electric & Mfg. Co. 

Hk new “Photo-Troller”’ has been 

developed to meet the need for a 

rugged industrial device which ean be 
ictuated by a phototube or by delicate 
contacts carrying only a few microam 
peres. The phototube or sensitive contact 
operates directly a sturdy grid glow tube 
which in turn closes a contactor capable 
of initiating any desired operation. ‘Thus, 
it is said, greater reliability is obtained 
“than in any device previously offered.” 





Units are available for any commercial 
voltage or frequency except d.c. The de 
vice contains a complete power supply 
for all auxiliaries including the light 
source. Various light sources are avail 
able to operate at distances up to 22 ft 
from the phototube. Auxiliary devices are 
available for adapting the Photo-Troller 
to unusual machine and process applica 
tions. The phototube and light source 
housings are of cast aluminum and avail 
able in splash proof designs for mounting 
near sprays or in dusty locations. 
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Potentiometer Stabilog 
The Foxboro Co. 


OMBINING the many features of 

Stabilog control and potentiometer 

temperature measurement, this in 
strument rounds out the line of control 
equipment manufactured by its makers 
The “100% automatic control” provided 
by the Stabilog System is now made 
available for temperatures up to 2800 
F. (1500°C.). In addition, the long-dis 
tance feature of the potentiometer meas 
uring system makes the instrument valu 
able where there is a great distance or 
height between the point of measurement 
and the controller. Where it is desirable 





to use this instrument on the lower tem 
perature ranges, the Wheatstone Bridge 
and resistance bulb measuring system is 
used. The Potentiometer Stabilog is a 
non-recording instrument but it is so 
constructed that a record of its opera- 
tion may be made on a Foxboro record 
ing potentiometer pyrometer using the 
same thermocouple. One multiple-point 
recorder may be hooked up with as many 
as 6 potentiometer Stabilogs, thus re 
cording and controlling from the same 
thermocouples. 


 ¢ @ 


Rotary Snap Switch 
Wirt Co. 


EV ERE tests, it is said, have shown 

the new “711” single-pole, single 

throw rotary snap switch to operate 
with smooth, positive action and excellent 
contact with lowest contact resistance 
Simplicity of working parts and ease of 
mounting are said to make this switch 
especially applicable for radio-receiver 
assembly. The switch is rated to carry 3 
amps. at 125 volts. Underwriters Labo- 
ratories listing has been obtained. 
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Thus the valve’s speed is intimately related to the damping { 
flow. Considering “critical” damping as that giving the most 
this desirable condition accompanies the “happy mean” betwee: 
over-damping. 

To achieve stable control, the following procedure may be us 
valve movement as rapid as seems desirable to meet the departu 
set rate as they occur without reaching serious magnitudes, st 
meter slightly under-damped to travel from the maximum to tl 
control positions within from fifteen to thirty seconds, say. Eit 
increase the damping, or the speed of valve movement until the | 
slowly narrows down and settles down to a stable control rate. | 
ance of the controller is indicated when the control will settle di 
reasonably frequent departure with 11/2 swings. 

It should be remembered however that the entire control syst 
pilot, and valve, must all be properly proportioned for the particul 
system, or else no amount of patience in adjusting will achieve 
control. Also, many cases require modes (6) or (7) for control 
any simple control by mode (3), (4) or (5) is certain to hunt in t 
(b) Meters for Direct Control. 

For direct control, the meter generally has a diaphragm in 
as the differential responsive element, thus combining cheapnes 
siderable power. The differential is usually balanced against a 
a beam, but may be opposed by either a spring or a mercury colum: 

Flat diaphragms are so much less expensive than molded diay 
the large sizes used in controllers that the flat diaphragm is 
versally used for this purpose. Unfortunately the effective area 
diaphragm changes rapidly with its displacement from its mean po 
when the maximum practicable amount of bagginess is used 

With large controllers for water filtration applications, it i 
to use a compensating beam so designed that the differential pri 
the diaphragm is constant at all diaphragm positions. Consequently 
pensated beam and diaphragm maintains a constant rate of fl 
valve positions. 

The time-lag of a flat diaphragm is relatively small, so that di 
meter controllers minimize the tendency to hunt. 


5. Pilots 
(a) Liquid Operated. 


A small balanced-piston valve is satisfactorily used as the pilot. A 
in the supply line is an indispensable element. One time-proved pil 
design has the following features: 

1. Port openings decrease in width as neutral point is approached 
2. Port openings on opposite sides of piston eliminate side thrust, 


balance 

3. Supply in center, waste at low (atmospheric) pressure at ends minin 

4. Control valve is hydraulically locked in position when pilot is at conti 
having a “lap” on the pilot piston. 

5. Power liquid is used only when the rate departs from that set 

6. A throttling plug and by-pass is inserted in one of the lines connectir 
to the hydraulic cylinder, thus maintaining full pressure on the control 
would not be the case were the throttle plug in the supply line. 

By opening the by-pass, the main valve can be moved very rapidly t 
position, as while “cutting in” the controller from hand operation 
(b) Air (or Gas) Operated. 

A flapper, vane, swinging nozzle, etc., of minute “needle val\ 

£ S 
sions, is used to maintain a pressure that acts upon a spring-op} 
phragm to move the control valve. In most controllers, this nee 
moves a light metallic diaphragm that, in turn, actuates the ma 
to the control valve’s diaphragm, putting two pilots in tandem 
sure supplied by the pilot is dissipated by a “leak” in practica 
operated pilot controllers. 

Necessary elements for continuous, stable operation are a strait 
ture-trap and pressure regulator. With two pilots in tandem tl 
a follow-up is greater than for the single pilot that may have a corr 
position of meter indicator and valve if the control band is not 
narrow, whereas the two pilots give point control with which 
almost certain unless the follow-up be used 


I 


} 


(c) Electrically Operated. 

These have the same flexibility and convenience that has won p 
for the electric flow meter. The electric pilot is inherently an off 
element, but by making use of interrupters, Wheatstone bridge 1 








Lhe 


stable control can be readily maintained. An electric flow meter having 
«cll yperation is ideally suited for operating an electric controller since 
+ “waits and sees what happens” after each valve operation before movin: 


y 


c 


valve again. This eliminates the incessant valve movement that annoying 
'y characterizes so many other electrically operated controllers. 
Another promising combination is the use of an electric pilot to carry 
the control intelligence from .\e meter to a solenoid-operated or similar pilot 
for a hydraulic’ or air-operated controller valve. This would be especially 
-onvenient where the meter and valve are at a distance from the metering 
indicator panel. 

Still another combination of potential value is the use of an electric pilot 
to actuate a motor-driven pump that in turn actuates a hydraulically operated 
valve, somewhat after the design of the popular G.E. “Thrustor.” 


6. Follow-up and Interrupter 

These devices are invaluable parts of stable pilot controlling systems, not 
mere optional accessories. 

(a) Follow-up 

This ensures that the control valve will follow the metered rate, and thus 
eliminates the hunting that accompanies over-travel of the valve. This con 
cept was taken from the familiar “servo-motor™ governor used for accurate 
speed control of hydraulic and steam turbines. 

The meter indicator must be free to move one side of a pilot. The other is 
attached to the valve through the follow-up. This naturally gives a wide 
control band. 

If a piston-and-dashpot is used in the connecting link of the follow-up, 
the instantaneous response of the valve to the metered rate is retained and 
yet the pilot is able to be moved gradually by a slight supplementary force 
hack to its neutral position, thus narrowing the wide band down to a point 
Two opposed springs are generally used for this centering operation 

It is possible to introduce cams or linkages to modify the motion of the 
pilot from that of the valve. This is regularly done with hydraulic turbine 
governors. For example with a flow meter having a valve that has too steep 
a gradient, i.e., change of area per increment of travel, when the valve is 
nearly closed, it would be desirable to increase the movement of the pilot 
over that of the valve as by a simple bell-crank, using the angularity to ob 
tain the desired multiplication near the closed position. 

(b) Interrupters. 

With modes (3) to (6) inclusive, more stable operation may be achieved 
by interrupting the flow of power at intervals so that the meter has time to 
reach the actual rate of flow resulting from the preceding movement of the 
valve. This also gives the hydraulic system itself a chance to come to rest and 
isa worth-while addition for those systems where a follow-up is not included 
A meter having cyclical operation lends itself naturally to this stabilizer 

It is interesting to note that a stabilizing effect somewhat similar to that 
of the follow-up can be obtained by the use of a graduated interrupter so 
arranged that the duration of the interruption increases as the pilot ap 
proaches the control point. In this way it is impossible for the valve to overt 
travel as long as the controller is reasonably well balanced. This also com 
pares with a pilot in which opening decreases as the control point is 
approached, with a “lap” on the pilot valve that stops further motion entire 
ly as long as the metered rate is within the “null” control zone, or band 


7. Valves. 

For direct control a different valve shape is required from that for pilot 
control since the self-operating controller must obtain from the meter its 
extremely limited power to operate the valve, while the pilot systems have 
ample power available without loading up the meter enough to interfere 
with its accuracy. 

With pilot control the gradient must not be unduly steep near the closed 
position since the valve speed is about as high here as where the valve is less 
sensitive. On the other hand, unless a self-operating controller has a fairly 
steep gradient it will be inoperative from a practical standpoint—the opera 
tion will be erratic and jerky. The following brief notes may bring out the 
causes of this paradoxical situation. 

(a) For Pilot Controllers. 

The valve may be of any suitable design poppet, piston, gate, etc., as 
long as its hydraulic characteristics are correct, since practically any desired 
amount of force may be used to operate the valve. The balanced double 
Poppet valve is widely used for small lines. When well constructed, it has 


Dial Thermometers and 
Pressure Gages 


Taylor Instrument Companies 


MONG the features of this new 
line of dial-indicating instruments 
are the following: 

Thermometers Moisture ind = dust 
proof die-cast case; easily read gradua 
tions on 8 silvered dial; balanced 
wedge-shaped pointer leading eve to in 
dication and minimizing vibration effects 
friction adjustment for easy and precise 
zero setting; hard-bronze pinion and 
sector with wide tooth faces; phosphor 
bronze hair springs; option of heat 
treated, chromium-plated illoy-steel 
movements (at extra cost, to withstand 
excessive vibrations); option of “Accu 
ratus” tubing for mercury thermometers 


to be located at great distances from 
bulbs. 





Pressure Gages Ilardened = forged 
steel chromium plated sector and pinion 
with wide tooth faces; hardened stain 
less-steel bushings for pointer spindle 


and other parts; movement carried in 
dependently of case on plate forged in 
tegral with socket; special illoy Bour 
don tubes: cases and other new features 
in common with the new thermometer 
line 


© e . 


Improved Instrument Fuses 
Littelfuse Laboratories 
NNOUNCEMENT of a S100 in 
demnity protection guaranty or 
instruments protected by Instru 
ment Littelfuses has been made possible 
by several improvements in this line, in 
cluding the use of platinum wire in the 
finest capacities, which wire is said to be 
more reliable than the metallized quartz 





fibre formerly used. The wire used in 
the 1/100 ampere Littelfuse is the finest 
in commercial use, being only 1/30th the 
diameter of a human hair. Rugged 
mounting for this delicate wire is pro 
vided by support wires united with a 
glass bead. Instrument Littelfuses are 
made in 11 capacities from 0.01 amp. to 


2 amps. 
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"Watch Type" Double- 
faced Circular Slide Rule 


Aristo Import Co. 


KSEMBLING a large but thin stop 
watch, a new rotary slide rule which 
slips easily into an engineer's vest 
pocket is said to provide the equivalent 
of large and costly computing devices. 
The “A.F. Caleuligraph” has 9 fixed and 
3 sliding scales and a pair of co-acting 
hairline pointers. The stem operates the 
slide or the pointers—the latter when 





the button is pressed. The A. F. Cal 
culigraph has numerous uses in electri 
cal, mechanical, aeronautical, chemical 
and other branches of engineering 

among them the following: All arithme 
tic and trigonometric operations, loga 
rithms, electric motor and generator cal 
culations, drop of potential, etc. 


» ° . 


Midget ''Megger" Tester 
James G. Biddle Co. 
HARACTERISTICS of this instru 


ment are small size, 53%, x 4 x 2% 

in., and small weight, only 3 Ibs. In 
common with other “Megger” instru 
ments, the Midget “Megger” Tester con 
sists of a true ohmmeter, direct-reading 
like a voltmeter, combined with a special 
d.c. hand generator. The scale reads as 
high as 20 megohms and the generator 
supplies testing current at 500 volts, thus 





obviating necessity for depending on bat 
teries or any other outside source of 
current. Special spring plunger-type ter- 
minals for rapid attachment and discon 
nection are provided. There are no pro 
jecting or loose parts. The case is molded 
in synthetic resin with smooth exterior 
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the point, sometimes an advantage, that the flow can be s!} 
entirely off when the valve is “closed.” However, the sle« 
balanced valve has wide application due to the ease with wl 
ports may be modified to suit the hydraulic system being 

Some combined piston and poppet valves are in control use. 7 
poppet valve also has had the plugs lengthened into conical o1 
portions so that the desired gradient characteristics are obtain: 
valve may have the practical operating disadvantage that, 
cations with dirty fluids, the particles may jam in the wedge-sha 
and jam the valve 

Much has been written in favor of V-ports in balanced pist 
fluid control, but the ideal shape for ports (i.e., that giving equal 
to valve movement and consequently having maximum stability o 
range of rates and pressures across the valve with even rate sp 
meter) has turned out in practice to be a narrow slot that increas 
more rapidly in width as the valve opening increases. This statem 
that a hydraulic cylinder actuates the rate control valve. 

A common requirement is that a certain specified maximum | 
across the valve be permitted at the maximum rate when wid 
requirement is readily met with the above variable slot, since the w 
can readily be made as long as necessary without interfering appr 
the shape that gives the most stable control over the operating rai 
(b) For Self-operating Controllers. 

For direct control modes, consideration must be given to every 
may affect the positioning of the valve since even a small force ' 
accuracy of the balancing meter positioning the valve. The pri: 
acting are those due to mechanical friction in moving the mechanis! 
or dynamic effects of the fluid flowing through the valve normall) 
close the valve when it is nearly closed, unbalanced line pressur 
the valve stem, or valve, the jarring effect of turbulence in the fl 
and finally the presence of foreign bodies in the controller valve 1 
make it jam—so that it must either be self-clearing or else a large re 
must be available to free the valve. 

For smooth valve operation, giving a constant rate of flow at 
is necessary to have a fairly steep gradient, i.e., change of area 
valve travel. Otherwise, when there is a momentary departure 
rate, the control valve will not tend to be moved to any definit 

For controllers, on applications where the loss of head across thi 
some economic importance, for it may affect the length of time that 
will run efficiently, it is out of the question to use any but well des 
fully streamlined valves of ample size. However, for effective contr 
across the valve is preferably a considerable fraction of the entir: 
such applications, the “best’’ design must necessarily be a compron 
(c) Maintenance and Service. 

Stuffing boxes for the valve stems are a common feature requiri 
amount of maintenance although this is generally not serious. Expe: 
oil refineries indicates that the rotary shaft is less of a nuisance th 
pull design since less oil is pushed outward and less dirt is pulled i 
the rotary stem, since it obviously merely rotates instead of recipt 
and-out. Again, many push-pull stems are made of small diameter t 
the forces due to high line pressures influencing the operating diaph1 
these spindly stems have been known to bend when the valve jai 
possibly to some zealous operator’s endeavors to stop all leaks by 
up the stuffing box. Practically any other stuffing box can be t 


much as to interfere seriously with the operation of the controller 


Unless a control valve stem has a grease-packed stuffing box, it 
wiser not to attempt to stop all leakage. In this respect it resembles t! 
box of a centrifugal pump. 

Since the rotary stem may have the end thrust taken by ball-be 
niggerhead, and further there is no tendency to move the valve wit! 


] 
_ 


in line pressure, this type has considerable advantages for controllers 
at the higher pressures. 


tr 


ld! 


1 
de 


In case a control valve with unsuitable characteristics must 
sometimes possible to use a connecting link between the motor and 
will reduce the speed of the valve motion over the range in which t! 
is too steep—a simple link and crank mechanism may be arranged | 

A certain amount of “service” or initial adjustment may be 
installing a rate controller on a new application in balancing the | 
full data are seldom available before the controller is actually tried 
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Small Type Universal Measuring Machine 
R. Y. Ferner Co. 


ECENTLY developed by the So 
cit Genevoise d’Instruments de 
Physique, this machine has a capacity 
f 100 mm., Or 4”, can be supplied gradu- 
ted in either inches or millimeters and 
reads to 0.00005” or 0.001 mm. Measure- 
ments are made by use of a high precision 
eocieté Genevoise micrometer microscope, 
eading on a special composition glass 
«ale having a temperature coefficient 
practically equal to that of steel, so that 
temperature errors are avoided. The scale 
is standard at 68°F. (20°C.) Accuracy 
is further insured by a con- 
¢ant measuring pressure by 
means of a spring with an 
index which, by a unique 
device, is applied to internal 











is well as external measurements. The 
bed has fixed contact anvils at each 
end, the left one for snap gages, and a 
slide between, rolling on steel balls, car 
ries the movable anvils and the glass 
scale. The latter is 434” long. The dis 
placements of the slide are read directly 
by the measuring microscope to 0.00005” 
ind estimations may easily be made to 
one tenth of this amount. 

Rapid carriage movements are made 
by the large hand wheel, provided with 
slow motion for final settings. The anvil 
at the right end of the carriage and 
that on the right end of the machine 
bed are optically flat, 23/64” (9 mm.) 
in diameter, and made of synthetic sap 
phire (harder than agate or hardened 
steel). For external measurements either 
a flat measuring table mounted on balls, 
or one carrying centers, similarly mount- 
ed, for support of plug and thread gages, 
is supplied. For internal measurements 
of snap gages an interesting new method 
of making contacts is used which per 
mits establishment of the zero setting 
by pressure of the spring piston against 
the carriage in the same manner as in 
external measurements or in the setting 
on the gap of the snap gage. The anvil 
on the left end of the carriage consists 
if two flat-surfaced pieces separated by 
‘gap permitting the other anvil, mount- 
ed on the left end of the bed, to pass 
between and beyond them when the car- 
nage Is moved to the extreme left. This 
movement is carried far enough so that 
\ flat gage, of the Jo block type, 0.2” 
thick, can be placed between them for 
wero setting (when a zero check is felt 
‘esirable), made in the same manner as 
ine setting on the snap gage. Both are 
made by movement of the carriage in 





the same direction as external measure 
ments, and with the same contact pres 
sure. The readings for these internal 
measurements are also made on the glass 
line standard in the same manner. A 
table, for support of the snap gage in 
these tests, can be set in the proper 
position for any given size of snap gage. 
Besides external and internal measure 
ments, the machine provides for measure 
ment of pitch of taps: The center sup 
ports at the front, the dial indicator and 
the triangular framework seen on top 
of the carriage are used for 

this purpose. The triangular 

frame carries a conical con 

tact point or feeler which is 

" lowered until it rests be 
4 ti tween the threads of the tap 
(or thread gage) mounted 
between the centers. 4 sizes 
of points are supplied. One 
end of the triangular frame 


rests against the contact plunger of the 
dial indicator, the other is pressed by a 
spring adjustable to counterbalance the 
dial indicator spring pressure. With the 
frame thus balanced, the feeler is free to 
drop to the bottom of the threads; the 
carriage is then moved until the dial 
indicator reads zero, upon which a read 
ing is made with the micrometer micro 
scope on the glass scale. Upon raising 
the framework, moving the carriage and 
dropping the contact feeler between 
other threads of the tap, a second read 
ing is obtained, and the pitch is deter 
mined. Thus the dial indicator is used 
only as a zero instrument and any errors 
of its rack and gears do not enter into 
the measurement. This attachment for 
measuring pitches of taps has been found 
to give an effective precision of 0.00005”. 

The machine is 25” x 18” x 16” and 
weighs 128 lbs. The table with centers 
for measurements of plug and thread 
gage diameters has a maximum distance 
between centers of 83/,” and admits plugs 
up to 2” diam. Flat pieces or disks or 
the ends of plug gages up to 4%” can 
be measured when supported on the flat 
table. Taps up to 9,” length can be 
supported between the centers for pitch 
measurements. Included with the acces 
sories of the machine when wanted are 
sets of wires for measuring the effective 
diameters of screw threads and a pair 
of prisms for measurements of root diam- 
eters. A test certificate of the glass scale 
is also furnished with the instructions 
for use of the machine. 


Tension Indicators 
Martin-Decker Corp. 
LTH the addition of i new 


fee le r gaye, designed to increase 

the ethcieney of tension indica 
tors, and which is incorporated in the 
indicator itself at a point underneath 
the clamping device, it is possible to ce 
termine exactly when the instrument. is 


in correct position on the cable for an 
accurate reading. An indicator recently 
tested by being rep ited|y ittached to 
ind detached from a cable showed abso 
lutely no variance. The feeler gage i 
designed as a knurled edge disk fitted 





beneath the V_ blocks which receive the 
cable. As the clamps are tightened, the 
disk may be turned freely with the thumb 
or forefinger until the correct pressure 
is applied. At this point, action of the 
disk is automatically retarded by fric 
tion against the block. On the heavy-duty 
indicator, to eliminate the need for se) 
eral deflection plugs to accommodate the 
different size lines under varying loads, 
a micrometer deflection adjustor and a 
saddle adjustor have been devised. The 
improved instruments may be operated 
with uniform accuracy and with a con 
siderable saving in. time 
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\ Micrometer Deflection Adjustor 
B—Saddle Adjustor 

Adjustor Lock Nut 

D—Feeler Gage 

k—Saddle 

F—Micrometer Deflection Adjustment 


Set Screw 
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New Circuits for Controls 
General Electric Co. 


EW types of controls that flash, 
dim or brighten lamps, and which 
require neither moving parts nor 
electric contacts, can be applied to prac 
tically all incandescent-lamp signs and 
to many industrial applications. Their use 
on signs reduces operating expense by 
from 40 to 60%. 

The sequence can be changed readily 
by simple adjustments. Three circuits 
are employed now, but more or fewer 
could be Time intervals may be 
longer or shorter, and a variety of effects 
obtained easily according to the sequences 
employed. Intervals may be as small as 
1/10 second or as large as 5 seconds be 
illumination of 


a sign. 


used 


tween the successive 
portions of 
Non-linear Circuits—The sign control, 
as well as many other effects, is obtained 
by combinations of saturable-core re 
actors, copper oxide rectifiers and _ resis- 
tance units, built up into non-linear cir 
cuits. These circuits have been produced, 
and their effects are being studied, by 
Dr. C. G. Suits in the G. E. Laboratory. 
Saturable-core reactors are essentially 
iron-core inductances so arranged that 
the inductance may be changed by sat 
uration of the core material with direct 
current. One watt in the d.c. winding 
is sufficient to control 100 watts in the 
ac. circuit; the method of control is 
from 85 to 95% efficient; and practically 
unity power factor operation is provided. 
\n important property of the saturable 
core reactor is a time delay factor that 
is required for substantially full-load 
voltage to appear after the direct cur 
rent is applied. This time delay, which 
may be varied, provides sequence opera 
tion independent of the thermal charac 
teristics of the lamps. Feed-back circuits 
ire employed to cause sequences to re 
peat, or commutate. The load reactors 
ire also the control reactors; auxiliary 
control means are not required. The cir 
entirely free from radio inter 
are silent in operation. 


cuits are 
ference, and 

Other Types of Circuits—Recent ex 
periments in the laboratory have brought 
to light non-linear circuits which are 
oscillators, in such respects functioning 
like vacuum tubes. One circuit produces 
such slow oscillations that an incandes 
cent lamp placed in the circuit is turned 
on and off several times per second or 
as once in 30 seconds. One such 
a light on and off 


as slowly 
oscillator has blinked 
silently, without radio interference, and 
wearing approximately 


p irts, 


without 





- Feed back circuit 
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100,000,000 times while on life test. 
Another oscillator produces relatively 


high-frequency alternating current. It 
was known for some time that high fre 
quencies could be produced in transform 
ers under certain conditions, but these 
frequencies are always multiplied or 
integral fractions of the frequency of the 
power supply. The new oscillator will 
produce any frequency in its range; 5,000 
cycles/sec. already having been observed 
audibly. 

Still another application of non-linear 
circuits has been in resonance relays. 
Such relay circuits, which function be- 
cause of “voltage resonance” and “cur 
rent resonance” principles, are so sen 
sitive that a voltage change of as little 
as 0.01% will cause a current change of 
100%. Relays of this type are adjusted 
by changing electric constants rather 
than mechanical constants, and are there 
fore practically free from the effects of 
wear, friction, dirt, and extremes of tem 
perature; the burden of accuracy is 
placed on a circuit, where accuracy may 
be obtained economically with perfect 
reproducibility. 


Cambridge Pot 
Galvanometer 


Cambridge Instrument Co. 


GENERAL use instrument de 

signed for general laboratory ap 

plications as well as educational 
purposes, this new galvanometer is pro- 
vided with a pointer scale and a reflect- 
ing mirror. It is of the moving coil type, 
the coil in the shape of a square, held in 
position by two phosphor-bronze suspen- 
sions, the bottom suspension fastened to 
a flat spring to provide proper tension. 
The coil carries an 8 mm. diameter plane 
mirror; the window in the case is a lens 
with a l-meter focus. For the pointer a 
scale 8 divisions each side of zero is pro- 
vided and is figured 5-0-5. The galvano- 
meter is furnished only with a coil of 50 
ohms resistance, this giving a sensitivity 
of 30-0-30 m. a. on the pointer scale. At 
a mirror scale distance of 1 meter 1 m. a. 
gives a deflection of 12 mm. The period 
is approximately 1.3 second, giving a 
factor of merit of 140. A zero adjust- 
ment is provided. The instrument is ro- 
bust and requires no leveling or clamping. 


Automatic Cement 


Batchers 
Fuller Co. 


NGINEERS and cont 

a limit of error of 

concrete. Two new 
fully automatic and the 
manual weighing type, bui 
New York State specific 
curacy and tamper-proof 0) 
all requirements of the 
machine illustrated has a ho 
of 11 cu. ft. and the stand: 
have batch capacities up to 
materials equivalent in wei 
land cement. 

This machine has a nun 
esting operating features 
is started and stopped by rer 
it is also operable as a conti 
ing device to run until a pri 
quantity of material has by 
and discharged, as for car 
loading. 


After the counterpoise on 
been set for any desired ba 
the operation is started b 


control switch. As soon as 


has been completed, further ope! 


entirely automatic, and_ the 
cannot be stopped or disc 
the exact weight of materi 
deposited in the hopper. 

The apparatus cannot be 
if the actual weight of mate 
than 14% in variance, althou 
neer in charge can modify 
should desire to. 

The tendency of pulveriz 
to flush or flood through mi! 
and thereby disturb the proc: 
ing, resulting of course in 
has been overcome by the u 
flooding, volumetric measuri 
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New Industrial Models of Recording and 
Indicating Potentiometers 


Leeds & Northrup Co. 





WO new multi-purpose industrial in- 

struments—each embodying essential 

ly identical ‘“Micromax” electrical 
measuring systems of the automatic null 
method class—have been brought out by 
the above company. 

One is a new round-chart Micromax 
Indicating Recorder. This “junior” in 
strument is not capable of all that the 
strip-chart Micromax can do, but is 
said to bring the reliability and the rela- 
tively easy, low-cost maintenance of the 
motor-driven null recorder to a_ price 
class that has never enjoyed these ad 
vantages before. This is especially valua 
ble in pyrometers of about 400° to 900° 
or 1000°F. range, because of character- 
istics such as, first, the thermocouple or 
resistance bulb has long life; second, it 
may be replaced without sending the 
recorder back to the factory, and, third, 
it may be installed at any distance from 
the indicating recorder or shifted from 
place to place at will. This combination 
instrument is also adapted to the record 
ing of temperatures in the entire ranges 
f thermocouples and of resistance ther 
mometers, to the recording of smoke 
density, liquid levels, SOs, speed, solar 
radiation, ete. Among its features are 
the following: A boldly-lettered circular 
scale that can be read at a glance across 

large room. A 24-hour circular chart 
ith straight-line time codrdinates instead 
f curved ones, thus increasing the read 
bility of the records. The calibrated 

tion of the chart is 31 »” wide, and 
the chart is 103” in diameter overall. 


The recorder is made as a single-point 
istrument only, and can be equipped 
ith two signal or control contacts. Po 
‘entiometers are manually standardized. 
The mech inism, mounted on a frame that 


is hinged to the case, may therefore be 
swung out of the case if desired. The 
case is 161,” diameter, and may be 
mounted either flush or hanging on the 
face of a wall or panel 

The other new equipment brought out 
by above manufacturer is a multi-purpose 
case for the Micromax Recorder. This 
case is dust-tight (and vapor-tight when 
desired), and can be supplied for mount 
ing either flush in panel, on front. of 
panel or wall, or on table or bench. It is 
sealed by turning the handle, thus press 
ing the door tightly against a rubber 
gasket. The lock is outside the gasket, 
and hence vapors cannot filter into the 
case through it. The switches for motor, 
lights and control circuits are operable 
externally, and are vapor proof, so that 
these units Tray be shut off before the 


door is opened and outside vapors reach 
the mechanism. Leads to the recorder can 
be brought in through either conduit 
connections or a pothead. The mechanism 
can be swung completely out of the case, 
and it then is aceessible from all sides 





Solution Feed Equipment 
Phipps & Bird, Inc. 


NEW device for feeding solutior 

at a constant rate possesses sin 

plicity, corrosion resistance, con 
staney of feed and complete accessibility 
of all parts for 
cleaning or re 
pl icement. A si 
phon is mount 
ed on a parallel i , 
motion hinge, | fj 
the free end of “A 
which is carried | ‘fe 
on a float in the ; Uy i 
tank from which - +S \ 
solution is fed ; ty i 
The solution in 





flows to the | Zz) } 


under the con Vn 

trol of a float . 

valve, which 

throttles the inflow of solution to the 


feeding tank 


rate at which the siphon i feedin 
The rate of feed depends on the dif 
ference in level between the solution 
in the tank and the outlet end of the 


siphon \ convenient screw” is” pro 
vided for adjustment to the desired flow 
The output of the siphon is caught in a 
glass vessel formed to serve as both a 
funnel and a trap. When the supply to 
the feeder is stopped, this trap seals the 
open end ot the siphon ind Cause the 
siphon to be kept primed in readiness to 
commence feeding as soon as the supply 
to the apparatus is restored. All part 
of the apparatus can be dismantled for 
cleaning with no other tool than a screw 
driver. 

Iwo pleces of LCCeESSOTY ipparatu 
have been designed. One is an automatic 
valve for switching the feed from one 
solution supply tank to another when 
the first runs dry. (This is not necessary 
where feeding is intermittent or con 
ducted under supervision.) The other i 
i pressure filter which can be used to 
remove suspended matter from the solu 
tion to be fed 
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Apparatus and Instrument 
Supports 
S. D. Bryden 


IGID, light weight supportin 
frames and panels of many ize 
and shape are readily assembled 


from 6 standardized lengths of angle 
members, one size of gusset, and. one 
size of bolt. All parts are of non-may 


netic, rust-proof 17ST aluminum. Thi 
illov has approximately the une vield 
point as structural steel. The angle men 
bers vary in length from 7 to 41 ind 
carry a combination of holes and end 
slots so that they may be used inter 


changeably as corner posts, main rai 

eross rails, risers, and diagonal \ppa 
ratus and instruments used for research, 
instruction, lectures, exhibition and mu 
eum display , ete., may be upportec 
directly by the angle ind gussets, or 
indirectly by newly devised clamp , and 
hy combinations of rod ind the mar 

types of exl ting laboratory clamps, ete 
Parts mav be obtained finished either in 
their naturai heat treated color, poli hed, 
or in the protective and colored coating 


of Alumilite 
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The Anubis Differential 
Pressure Indicator 


By George Sidney Binckley 


EVELOPED to meet the need for 
an instrument free from limitations 
inherent in various types of dial 
indicators or liquid manometers hereto 
fore used, this instrument employs 
principles widely different from those 
previously made use of. No mercury or 


new 


other liquid column is used. Instead, the 
2 pressures act on the outside and inside 
of a strong but highly elastic spring 
phosphor bronze bellows mounted in a 
pressure chamber. The movement of the 
bellows, strictly proportional to this dif 
ference, is transmitted to the outside of 
the pressure chamber through the elastic 
deformation of a special alloy steel “tor 


sion tube” the closed end of which is 
within the pressure chamber, all pressure 
being external to this tube. The open 


end of this tube is outside the pressure 
chamber, to which it is firmly locked. 

The movement of the head of the bel 
lows, due to the differential pressure, is 
transmitted by purely mechanical means 
through the wall of the pressure chamber 


without any opening whatever through 
this wall, and with a total absence of 
friction, as there is no metal-to-metal 


rubbing contact inside’ the 
chamber, all motion being that of elastic 
deformation of the phosphor bronze bel 
ind tension ribbons, and of the 
spring-metal “torsion tube.” The employ- 
ment of this unique principle affords un 
precedented sensitivity to slightest varia- 
tions in pressure, absolute freedom from 
leakage, and total friction 
even in the pointer mechanism. 

To protect the bronze bellows against 
damage from differential, 
wutomatic relief is provided by a break 
ing disk of lead, about 9/16” diam. and 
3/64" thick, which has pressed in its 
surface a V-shaped groove leaving an 
unbroken thickness of about 0.005” of 
lead. This disk is held in place by a 
screwed and knurled retaining ring of 
brass, under a screwed cap in the head of 


pressure 


low Ss 


absence of 


an excessive 


the pressure chamber. If a disk is blown, 
this cap is removed, the blown disk re- 
placed and the instrument put back in 
service in 2 or 3 minutes at a cost of a 
few cents for a new disk. 

The principle under which this break 
ing disk operates is in itself unique, for 


although the actual ultimate strength 
of the disk under direct fluid pressure 


averages about 100 Ibs./in.*, it can be 


adjusted to blow at a differential pres- 
in.?. 


sure of less than 10 Ib. This is made 





== 


Anubis indicator and parts. At right, bellows and 
breaking-disk mount. At left, cap with ‘‘firing pin’’ 
inside. Cap has been removed from head of pressure 
chamber, exposing top of breaking-disk mount. In 
foreground, a few spare disks. 
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“firing pins,’ one in the 
cap and one in the pressure chamber, so 
arranged that if a differential in excess 
of say 15 lbs./in.? is reached, the bellows 
itself the disk against a firing 
pin and pushes out the center of the 
disk. This has never failed to give perfect 
protection, even under extreme conditions 
of suddenly applied and excessive pres 


possible by 2 


forces 


sures. 

The instrument is provided with a red 
pointer which may be instantly set to 
any point on the scale, so that the opera 
a glance just how far the 
black pointer—indicating the actual flow 
or level—is from normal. The 
graduated evenly in inches of water, etc., 
or quadratically for reading of liquid 
flow, or percentage of maximum flow for 
The movement is dust- and 
rain-proof, and its cap is sealed after 
calibration. The zero adjustment of the 
pointer, after the instrument is set up, 
is the only one that need be made. 
Special alloys are profusely used. All 
joints are male and female, with thin, 
narrow gaskets. All Anubis Indicators 
are subjected to a proof test in the lab 


tor can see at 


seale is 


gases. case 


oratory. Many have withstood 1,000 
lbs./in.2 of kerosene oil without showing 
any leak whatever. Some have been fur 


nished for working pressures of 1000 Ibs. 
 @ 


Automatic System Supplies 
Proper Air Weight to 
Cupola 
The Foxboro Co. 


ORMAL variations in 
pressure and in air 
cause the weight of 
unit volume of air to vary by as much 
as ~. Thus the proper control of the 
melting of ferrous materials (and of 
other processes calling for precise ad 
of oxygen supply rate) has 
if not unattain- 


barometric 
temperature 
oxygen per 


(Ve 


justment 
heretofore been difficult 
able—with volume-rate devices. 

The new Air Weight Controller com 
prises a temperature and pressure com- 
pensating mechanism which provides a 
continuous indication of the weight-rate. 
This is achieved by the “continuous 
sampling” method whereby a small por 
tion of the air supply flows through the 
air-tight case and allows the compensat- 
ing mechanism to respond to line pres 
sure and temperature with practically no 
lag. 

Consequently, the instrument does two 
things. First, its pen records the weight- 
rate—or the air flow rate expressed in 
standard cubic feet (n.p.t.) which is 
equivalent. Second, it commands a dia- 
phragm-motor or other power device 
whereby the gravimetric quantity-rate of 
air delivered to the blast furnace, cupola 
or other processing apparatus is auto 
matically regulated. 

The new Air Weight Controller can be 
used in conjunction with practically any 
type of blowing equipment. When used 
to control the air flow to a cupola, an 
orifice plate or other primary device is 
installed directly in the blast pipe and 
the instrument commands a butterfly or 
other suitable valve. In controlling the 
flow to a blast furnace, the orifice plate 


is located on the suction side of the 
blower. The control mechanism can be 
arranged to command the turbine or 


blowing engine governor so that the de- 


air Wil 


sired quantity of 
with the least consumptior 


alternative installation is 
controlled valve in a bypa 
the blower. The entire cont 
can be installed in a fey 
experienced pipe fitter. 
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Cold Bend Testing Machine 
Baldwin-Southwark Corp. 


HIS device devel: 
fessor C. H. Scholer, k 

College of Agriculture. A 
of commercial cold bend te 


was 


it was seen that an ideal ck 
kind should have the follo 
teristics: 

(a) It should bend the 
specified with the least po 

(b) It should, in testing, intr 

(c) Control of speed of test s 

4 scheme 

(d) It should be adaptat 

t require a special construct 


The device is adaptable to 


testing machine having faciliti 


pression testing. It consists of 


segmental rollers of 6” radi 
on hardened steel pins 2” 
These are mounted in a frat 


ard steel angles. One bearing 


justable. The upper edge of 


is graduated in inches. A 


cates the distance between 


the segmental rollers. The tot 
of the device is 175 pounds. | 
plied by a column consisting of t 


steel rods welded to a base 


with clamps for attachment to th 
The 


cal head of the testing device 
ends of the rods are welded | 


grooved to hold the hardened 


+ 


around which the bar is to 


bend a bar through 180° requires 


ment of 6” plus the diameter 


plus the radius of the pin. Ber 


always start with a span of 


diameter of the pin plus twic 


ness of the bar. This long 
the bar to bend with relative 


1 
























Bailey Escapement 
Integrator 
Bailey Meter Co. 


HE total flow registered by this in 

tegrator may be read directly on a 

six-unit counter visible through a 
small window in the meter name plate. 
The principal operating parts and the op 
erating principle are shown in the series 
of diagrams. The heart shaped inte 
ator cam, Which has a uniform angular 
rise, is geared to a Warren Synchronous 
Motor and rotated at 2 r.p.m. By means 
of a friction clutch between the cam 
nd the escape wheel, the motor drives 





yi fuel 4 the escape wheel and integrator counter 
S to Slaw + constant speed when the pawl is not 
’ € ay engaged. As the pawl engages with the 
itr escape wheel the integrator counter is 


held stationary, but the friction clutch 
lows the cam to continue rotation. 
The roller arm is pivoted near its 
eft end to the flow arm so that the 
position of the pivot varies only with 
changes in the rate of flow. The right 
end of the roller arm moves up and 
down due to the action of the rotating 
cam, causing the pawl operating pin to 


3 Machine 
« Corp. 





















gagement and disengagement of the paw! 
with the escape wheel. 

Positions l and 2 show the flow re 
corder at zero rate of flow. In 1, the cam 
and roller arm are at maximum throw, 
and in 2 they are at the point of mini 
mum throw. In both of these zero rate 
of-flow positions, which re present extreme 
cam positions, the integrator counter is 
stationary because the path of the pawl 
operating pin does not come sufficiently 
low to disengage the pawl. Positions 3 
and 4 also show the cam and roller arm 
in their extreme positions, but the flow 
recorder is now at 50% of maximum 
capacity. Under these conditions, the in 
tegrator runs 50% of the time. 

Positions 5 and 6 show the cam and 
roller arm in similar positions, but with 
the rate of flow increased to 100% so 
that the integrator runs continuously. 

This escapement integrator is accurate 
inasmuch as its operation is governed by 
the rate of flow at each engagement and 
disengagement of the pawl. The inte 
grator total is adjusted to the prevailing 
rate of flow 4 times each minute instead 
of only once as with the ordinary type 
of intermittent integrator. This new es 
capement integrator is included on all 








move up and down also. It is this oper- Bailey integrating meters of the new 
Kar fe ting pin which is responsible for en- type. 
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Four-dial Resist B 
Bending our-dia esistance Dox 
rc 12" p . 
Ohmite Mfg. Co. 
ce f 
ues) is a new resistance box for radio 


y span cals HE “DETERM-OHM” (so named 
ly | ‘ because its chief purpose is to deter- 
mine radio replacement resistor val- 











service men, radio and electrical engi 
neers, laboratory technicians, and ex 
perimenters. By 
manipulating 4 
direct - reading 
dials, it is possi 
ble to obtain ae 
tual resistances 
ranging from 100 
to 1,000,000 ohms 
in 100-ohm steps 
The guaranteed 
resistance toler 
ance is + 5%. 
The resistance 
units are of the 
wire-wound, coat 
ed type—a con- 


struction different from that of the typ 
of box which uses low wattage carbon 
resistors, and which can be used only for 
The Determ-Ohm 


may be connected directly in a radio 


meter measurements 


circuit in order to find the proper re 
Sistance value required at the points of 
connection In many cases the radio 
serviceman finds that a resistor in a set 
has been completely destroyed, ind that 
it is impossible to read the value of the 
unit or to measure it. In such a case, 
the Determ-Ohm is connected in place 
of the defective resistor, and the resis 
tance reduced until the set function 
properly, when the dials will show the 
proper replacement resistor value. Other 
uses include the increasing of voltmeter 
ranges, as resistance bridges, as ohm 


meters, as milliammeter resistances, et« 
@ *. .) 


An Electric Taster 
Westinghouse Electric & Mfg. Co. 


HE Klectrynx, recently deve loped by 
R. C. Hitcheock, electronic engineer 
of above company, indicates the ripe 
ness of fruits and vegetables by measur 
ing their acidity. It also registers the 
icid content of tea and coffee. By its 
use, it is claimed, canners and preserve 
will be able to keep the flavors of their 
products at a given standard because it 
will be possible for the samplers it’ the 
various orchards and fruit exchanges 
throughout the country to select the raw 
product scientifically With the 
further development of the Eleetrynx, 
and when accurate charts are made as to 


more 


the microamperes of the various prod 
ucts under investigation, no doubt the 
whole system of testing and sampling will 
be revolutionized 

It is predicted that with further ce 
velopment of this new apparatus, “the 
days of sticking out your tongue to the 
medical doctor is p ist,” for the acid con 
tent of a patient’s tongue will be indi 
cated. 

The principle dates back to Volta and 
his “wet” battery. The 2 dissimilar pin 
used in the Elect rynx are the electrode 
and the materials under test supply the 
electrolyte. 

This device is 
Previous recording meters of this sen 
sitivity 
portable 


sensitive to | mii roamp 


were expensive and not readily 

Direct elect rical THeCASUTrEeTIN nt 
can also be made which formerly re 
quired elaborate cireuits or amplifying 


devices 
7 e 2 


New Electric Metering Unit 
Westinghouse Electric & Mfg. Co. 


HIS compact, self-contained, meter 

ing unit for especial application on 

120/208 volt, 3 phase, t-wire networl 
systems is totally enclosed, and henee 
theft proof. Inside the cabinet are three 
through type 
transformers having core 
On the front panel 
phase watt-hour meter and a complete 
through the 
tubes and current transfor 


“high-accuracy” current 


of Hipernil 


mounted a poly 


test switch. Line leads pa 
insulating 
mers, and neutral lead through the bot 
tom opening. Current ratios are from 
P00/5 to 1200/5 amp 


will operate at 150% rated current con 


and transformer 


tinuously. 
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Re-designed Round-chart 
Recorder 


Taylor Instrument Companies 


HILE this new 
several 


instrument 
SeSSeS mechanical im 
provements, emphasis has been 
laid on the beauty of its design, both in 
itself and harmonize when used 
in panel board mounting. The new design 


pos 


also to 


r 
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work of a 
leading American 
industrial artist, 
working in cooper 
ation with the com 
panies’ engineering 
staff. The alumi 
num die cast 
is rust-proof, is finished in smooth lus 
trous black and may be had as surface 
mounted or flush mounted type with or 
without a polished flange. Other finishes 
are available including white enamel for 
milk and other food industries service 
(The dairy recorders have charts giving 
50% increase in effective scale length.) 
Mercury recorders are standard but gas 
or vapor systems are also available. The 
instruments are available as 1, 2 or 3 
pen recorders for temperature or pres 
sure, or any combination. An_ electric 
clock can be supplied instead of the 
standard spring wound clock, if desired. 
\ feature of the mercury instrument is 
Taylor “Accuratus” tubing automatically 
compensating for temperature changes 
along its path. Lengths up to 100 ft. or 
more may be used. Other features in- 
clude: “simplified movement; stainless 
steel pen and pen arm; micrometer pen 
adjustment; time target for setting time 
on time line; multiple thread retaining 
hub; heat-treated and aged alloy springs: 
accurate charts printed on highest qual 
ity paper,” ete. 


is the 


case 


e e © 


"Diamond H" Magnetrole 
Relay 
Hart Mfg. Co. 


NSIDE an especially designed glass 

tube is a porcelain cup separating two 

concentric pools of mercury, con 
nected to terminals at the bottom of the 
base. Surrounding the porcelain cup is 
a metal cylinder which, when moved, 
displaces the mercury in the outer pool, 
completing a mercury-to-mercury con- 
tact. The action of this cylinder is con- 
trolled by a solenoid. It is entirely mag 
netic, the tube remaining stationary at 
all times. 

The design of this relay and its posi- 
tive action make it suitable for motor 
and light control, time and temperature 
control, signal equipment, photo-electric 
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cell operation, sign flasher service, etc. 

The “Diamond H” Magnetrole Relay 
requires very small operating current, 5 
watts being maximum for the 10 and 20 
amp. sizes. It is silent in operation and 





it can be used in the presence of danger 
ous, explosive gases. It will operate con 
tinuously up to 120 per min 
Mounting position is not critical as test 
shows that the tube will work satisfac 
torily if tipped 25°. The tube can be re 
placed easily and quickly if accidentally 


breaks 


injured. 
@ 2 e 
Portable Electrical 


Instruments 
Roller-Smith Co. 


NEW line of “Steel Six” portable 

instruments is announced. The 

outstanding features are said to 
be: rugged steel cases, approximately 6” 
which shield the mechanism 
the effect of external magnetic 
unusually long 
(5-3/16”); open and well lighted dials; 
and fusing when desired. The line is 
complete, comprising d.c. ammeters, mil 
liameters, voltmeters, millivoltmeters and 
voltammeters and a.c. ammeters, milliam 
meters, voltmeters, single and polyphase 
wattmeters, frequency meters and power 
factor meters. Accuracy: for ammeters, 
voltmeters and singlephase wattmeters, 
limit of error 0.5% of full seale; for all 
other instruments 1% of full scale. 


square, 
against 


influences; scales 














Pilot-controlled, 


ated by a float 


or othe 


ment) admits the supply 
hydraulic piston which fol 
moves with the pilot, thus 


travel and hunting. 
both 


Pilot 


single-seated, close 


held tightly to seat by the 
fluid 


auxiliary operating 


energy is required for « 


\ simple form of this ne 


up to 214”) is 


illustrated 


is a combined hydraulic p 


and seat ring. Part 


ton and 


5 is j 


single-seated 
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al 


part of which not only co 


flow 
the 
inlet 


Vv shaped 
when in 
which time 


ports 
closed 


above piston are equal. 


When pilot valve 12 is lifted, 


but 
position 
pressure 


above piston drops to outlet 


acts 


Inlet 
to lift 


pressure 


main valve. 


pass through clearance ( 


6. Main valve rise 
port ,P again 
Main valve comes 


inflow through 


on 


ant 


It cannot 
denly because flow to annular 


het 


continue 


approaches 


to rest 


clearances, 


through pilot, are equal. 


faults 
been 


Common 
valves have 
that the new 


ot 


floy 


eliminated 
valve does away 


age, non-uniform variation of 


float movement, 


slamming or 


ing, sticking due to dirt, we 


balanced 
ete. 
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1. Body 

2. Bonnet 

3. Bottom Cap 
4. Seat Ring 
5. Piston Valve 
6. Cylinder 

7. Lock Nut 

8. Lever Hub 
9. Disk Link 
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Pyrometer Controller 
Employs New Principle 
Negretti & Zambra 


) work is performed by the thermal 
system of this new controlling and 
indicating instrument. Operating of 

| contacts is done by a synchronous 
otor. Mercury switches are used for 
vening and closing circuits. The instru- 
ent operates with resistance or thermo 
couple primary systems, is suitable for 
controling temperatures up to 1400°C. 


os5(°F.) or for flashings colored lights, 
ind is made in 3 models with 1, 2 or 3 
switches. The capacity of the single 
witch model is 15 amps. at 200 volts; 

other models the capacity of each 

itch is 5 amps. at 200 volts. ‘The move 
nent is of the double-pivoted spring-con 
trolled type with jeweled bearings. The 
gale length is 534”. Automatic cold 


junction compensation is of the bi-metal- 
lic type. The resistance system instru 
ments are designed to operate directly 
of the ac. supply, doing away with 
storage batteries or dry cells. 





Below the indicating pointer and con- 
nected to it is a flexing pointer M, di- 
rectly above which is a depressor bar in 
the shape of an elongated “U,” operated 
by the cam wheels connected to the mo- 
tor. Directly below the flexing pointer 
will be seen 3 pallets connected to the 
3 switches. The instrument shown in the 
photograph is employed for controlling 
signal lamps, the central pallet—narrow- 
er than the other 2—representing the 
correct temperature, deviation, causing 








either the “high” or “low” lamps to light 
The width of the pallets varies with indi 
vidual requirements. 

The depressor drops for a period of 
10) seconds every 20) seconds, and by 
medium of the flexing pointer, depresses 
the pallet over which the latter is at the 
time. Although the cycle of operations is 
completed every 20 seconds, any switch 
remains in the same position ‘for any 
multiple of 20 seconds, until the change 
of temperature is such that an alteration 
in its position is necessary. The cycle of 
operation is shown in the diagrams. 

In Fig. A the mercury switch mou 
form Q, pivoted at I, is in the off 
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N’, striker Y moves t | i 
he detent 4 1d allow , carri 
fall by gra } | (I R) 
— SF 
afl andl eee heel 
ire * 
Fig. C i SP 
5 5 rs 
Pa Pd 
When lever N is thus depre a 
on the motor wi s cont ted | pust ) 
links W and I i Jat \ 1 T resy | VS 
these to fall, causing striker to release detent piece 
(Fig. C) 
‘ — 5 
| —— 
PI Pah ee 
+s/ 
uo 
sD. . es 9 
5 ~ 
oy 
Ss 4. 
D gy 
The cam subsequet W i 
top end clear of pins K and L. (Fig. D 
The depressor bar is now lifted ind the pointer 
free to move This completes the \ f « ratior 


le oO perati 
The switch remains in the on’’ position. Althougl 
lever N is no longer held down by flexing pointer M, 
it is not free, as striker Y cannot move to the left 
on account of detent piece J. If the temperature does 
not change when the depressor bar next falls, the 
position shown in Fig. D is regained 

If, however, the temper 
pointer M moves so as ft 
when the depressor bar next falls ever N 
affected, and when the striker is dropped by the 
on the motor, lever N returns by gravity to a horizontal 
position (Fig. E). This is possibl] owing to t 
special shape of the depressor bar, whic! ows N 
TO pass through 








On the upward motion of links U and W 
striker moves upwards, and replaces switet t 
Q to the off’’ positior where it is held 
detent piece, as shown in Fig. A. 

There are as many strikers Y as there are mercury 
switches in the mechanism, and all are mounted 
the same rod, joining the ends of links W and X 
They thus all rise and fall together and replace the 
switch or not according to whether their respective 
levers N have been depressed 


Mercury Swing Type Relay 
Struthers Dunn, Inc. 
ILENT and sparkless operation 1 


; 


an assured characteristic of this gen 
eral class of relays The new type 
of relay represents also an attempt by 
the makers “to move the glass round 
the mercury rather than the mercury i 
the glass.” 


The armature comes t« ce id 
center without striking core, giving full 
floating action at all times. The 5 stand 


ard types include single- and double-tube 





or -pole, normally open or closed. Hous 
ing dimensions 774 x 53, x 33, \pphi 
cations: for controlling loads up to 25 
amps. at 110 volts ac. or 115 volts di 
in presence of inflammable gases or 


vapors. 


e ¢ e 


New Design of "Adjustat'’ 
Rheostat 
Ward Leonard Electric Co. 


HK “dead shaft” construction com 
pletely insulated from current carry 
ing parts, simplifies single hols 
mounting on steel panels without the 
use of insulating bushings or washer 
\ 23,” circular refractory plate forn 
the base for the speci il resistance wire 
of low temperature coefficient of re 
sistivity. The plate, wire, contacts and 
terminal connections are protected 
igainst corrosion and damage by fused 
on Vitrohm (vitreous enamel). For ap 





plications where it is desired to make 
or break another circuit, a toggle switch 
can be furnished to operate at any part 
of the shaft travel. The “Adjustat” i 
regularly furnished from 1 to 25,000 
ohms. It will dissipate 30 watts continu 
ously with a temperature rise not ex 
ceeding 250° C. which is within the limit 
specified by Underwriters’ Laboratorie 
l6 steps of control are provided and 
terminals arranged for potentiometer 
connection 
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n instruments and devices for measurement, inspection and contro 








Anstra: 
— 
Humidity and Moisture (2.08) 
Remote Measurement of Humidity, (Feuchtigkeitsfern- 
messung.) L. Scriza. Feinmechenik und Praszision, Vol. 40, April 1, 
9 pages 65-68. 
reat methods of remote measurement of humidity by 


vehrometers, hygrometers, electric resistance thermome- 
and electric methods based on the change of resistance 
hygroscopic substances are reviewed and instruments 

soseribed. Ha (2.08) 
Determination of the Moisture Content of Paper. (Die 
Wasserbestimmung in Papier.) E. H. RigseNFELD & T. Ham- 

ecer. Der Papier-Fabrikant, Vol. 28, April 27, 1930, pages 288-289. 

The traditional methods are briefly reviewed and the 
vriters’ new extraction method with tetra-chlor-ethan is 
jiscussed EF (2.08) 
4 New Moisture Meter. (Ein neuer Feuchtigkeitsmesser.) 

Waerme, Vol. 54, June 6, 1931, pages 445-446. 

The various features of the new psychrometric moisture 
meter of the Siemens & Halske Co. are explained and shown 
in 5 illustrations. EF (2.08) 

Remote Humidity Measurement, (Feuchtigkeitsfernmess- 
ung.) LupWIG SCRIBA. Zeitschrift Verein Deutscher Ingenieure, Vol. 

Feb. 6, 1932, page 142. 

‘At temperatures below 20° C. the humidity is measured 

re accurately with hygrometers, while at higher tem- 

ratures psychrometers are preferable. The readings are 
unsmitted to a remote cross-coil moving coil instrument 
Ha (2.08) 


Power, Work, and Output (2.09) 


The Engine Indicator—Its Design and Theory. Kaiman J 
DeTunasz, instruments, Vol. 5, June 1932, pages 137-142. 
First monthly instalment of monograph on “Pressure 
Engine) Indicators.’”’ Consists of introduction and of a 
brief but profusely illustrated History of the Indicator 
MFB (2.09) 
The Engine Indicator—Its Design and Theory. KaLMANn 
DeJunasz. Instruments, Vol. 5, July 1932, pages 169-172. 
This instalment continues the discussion of component 
dealing specifically with: frame or body, indicating 
e, cylinder and piston, piston rod, spring. 6 figs 
MFB (2.09) 








Physical Properties (2.10) 


Comparison of Porosity Data According to Schopper with 
Data Obtained with the Densometer of Gurley. (Vergleich 
der Luftdurchlaessigkeitszahien nach Schopper mit den 
Densometerwerten nach Gurley.) R. A. Krauss. Der Papier 
Fabrikant, Vol. 29, Fest- & Auslandsheft, June 1931, pages 96-97. 

The results of experiments with the Schopper Porosity 
Meter and the Gurley Densometer yielded a curve which 
correlates the data gained by both testing methods The 

nversion can be accomplished by the diagram included in 

paper. IWF (2.10) 

Strength Determination of Cellulose, (Festigkeitsbestim- 
mungen von Zellistoffen.) K. G. Jonas. Der Papier-Fabrikant, Vol 
8, Nov. 30, 1930, pages 800-805. 

The speaker at the Verein der Zellstoff- und Papier 
‘hemiker und Ingenieure summarizes the latest advance- 
ments concerning the strength testing of cellulose and re- 
ports on his own testing method suggested as the basis 
for a reproducible standard testing method. oF (2.10) 

Equipment for Determining the Melting Curves of Low 
Boiling Point Materials. (Vorrichtung zur Feststellung der 
Schmelzkurven niedrig siedender Stoffe.) J. Scumorkr, Di 
Waerme, Vol. 54, Feb. 7, 1931, pages 97-99. 

The paper is devoted to a description of the testing 
equipment developed by Simon and co-workers for melt 
curve determinations of Helium, Oxygen, Nitrogen, Argo! 
and Neon. The principle involved in the apparatus is 
the pressure of a high pressure tube is determined by meas 








uring the elastic deformations of the tube. The writer re 

veals a method which extends the measuring range to 
pressures higher than 10,000 atmospheres. The results of 
some experiments are communicated. EF (2.10) 


Testing for Strength of Paper Half-Stuffs. (Zur Festiz- 
keitspruefung von Papierhalbstoffen.) W. Wirtsn. Der Papier 
fabrikant, Vol. 29, No. 31, Aug. 2, 1931, pages 524-526. 

Applying the Schopper instrument, the author checked the 
results of Humm gained on his newly invented testing ap- 
paratus. Strength values determined by both testing ma- 
chines disagree. EF (2.10) 

The Calculation of the Critical Viscosity and the Validity 
of the Stokes Law with Reference to the Tausz Ball-Drop- 
Viscosimeter, (Ueber die Berechnung der kritischen Vis- 
kositaet und die Gueltigkeit des Strokesschen Gesetzes im 
Tauszschen Kugelfallviskosimeter.) A. Rast & F. Geicrer. Py 
‘roleum, Vol. 24, June 10, 1931, pages 439-442. 

Mathematical derivations yield following conclusions: 
,l@ knowledge of the multiplication coefficient of 4.5 and 
le lower limit of application (critical viscosity) are suffi- 
yiut to the utilization.of.theStandard Trausz Ball Drop 
» ‘scosimeter, built by the R. Jung A.G. The writers show 
‘ow to find these characteristic figures if balls other than 
steel are employed. SF (2.10) 
F The Flash-Point Tester of Schluetter. (Der Flammpunkt- 
‘Pruefer von Schlueter.) W. Breyzerc. Petroleum, Vol. 24, June 
, 1931, page 8. : 

A brief reference. EF (2.10) 
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Mitty 


Improper lighting and poor work go 


hand-in-hand. Avoid them! You ean 
do it now with ease. No experience is 
necessary. When the Weston Foot- 
Candle Meter, Model 614 is used. 

This self-contained, pocket sized me- 
ter measures foot candles directly. No 
batteries or lamps are needed. You get 
the answer on the dial without a single 
calculation. And there is nothing to 
wear out or replace. 

You will find the Weston Foot- 
Candle Meter one of the most effective 
and inexpensive tools for increasing 
efficiency and banishing waste. Write 
for Booklet M-1. It tells the whole story. 

Weston Electrical Instrument Corp., 
591 Frelinghuysen Ave., Newark, N. J. 
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INSTRUMENTS INDEX 


Of instruments and devices for measurement, inspection 





or control 
, ¥ sre inable find what y require n this section of 
NSTR MENTS writ tormation Se + Instrument Put hina 
t tormation t requirement 
ACOUSTIMETERS CLINOMETER Pyrometer 


Burgess Labs., Inc., C. I 
General Electric Co 
General Radio Ce 


ADJUSTABLE ORIFICE 
tailey Meter Co 


AIR FLOW INDICATORS 
talley Meter Co 
Brown Instrun 
Defender Aut 
Foxboro Co 
Morey & Jones, Ltd 





Taylor Instrument Cos 
AIR METERS 

alley Meter Co 

Bristol Co 

Brown Instrument Co 

Defender Autom’c Reg. Co 


Foxboro C¢ 
Taylor Instru 
ALTIMETERS 
Genera! Elect 
Taylor Inst 
ALTITUDE BAROMETER 
Taylor Instrument Cos 
AMMETE RS—Indicating 
General Electric Co 
General Radio Co 


ment Cos 


ric Co 


rument Cos 


Rawson Elec. Inst. Co 
Weston Elec. Inst., Corp 
Recording 


Bristol Company 
Brown Instrument ( 
Esterline-Angus Co 
General Electric Co 
ANEMOMETERS 
Bristol Company 
Esterline-Angus (« 
Taylor Instrument Cos 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos 
ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp 


ATTENUATION NET.- 
WORKS 


General Radio ¢ 
Rubicon Company 
Ward Leonard Elec. Co 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 
BALANCING MACHINES 
General Electric Co 
saldwin-Southwark Corp 


BAROMETERS—Aneroid, 


mpany 


Mercurial, Recording 
Bristol Company 
Defender Autom’c Reg. Co 


Gaertner Scientific Corp 

Taylor Instrument Cos 
BATTERY CHARGING 

RHEOSTATS 

Rubicon Company 

Ward Leonard Elec. Co 
BATTERY TESTERS 

Weston Elec. Inst., Corp 
BEARING TESTERS 

Burgess Labs., Inc., C. F 


BOARDS: INSTRUMENT 
Bailey Meter C¢ 
Bristol C 


Brown Inst rument Co 

Foxboro ¢ 
BOILER METER 

Bailey Meter Co 
BRAKE TESTING 

METERS 

Rawson Elec. Inst. Co 
BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 

Eppley Laboratory, Inc 
General Electric Co 
General Radio Co 





Rubicon C¢ mpany 
Reactance 
Rubicon Company 


CABLE TESTERS 
Rawson Elec. Inst. Cx 
Rubicon Company 

CALORIMETERS 

Peroxide, Oxygen Bomb 
Gaertner Scientific Co 

CAPACITANCE METERS 
General Electric Co. 
General Radio Co 
Rubicon Company 
Weston Elec. Inst 

CARBON DIOXIDE 

METERS 
Brown Instrument Co 
Foxboro Co. 

CATHETOMETERS 
Gaertner Scientific Corp 

CHLORINE GAS FLOW 

INDICATORS 
Morey & Jones, Ltd 
CHRONOGRAPHS AND 
CHRONOMETERS 
Esterline- Angus Co 
Gaertner Scientific Corp 
General Electric Co. 
General Radio Co 


Corp 
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Baldwin-Southwark Corp 
CLOCKS—Gage Board 
Brown Instrument Co 
Bristol Company 
Defender Autom'c Reg. ¢ 
Esterline-Angus Co 
Foxboro Co 
COILS 
Resistance, 
Special 
General Ele« 
General Radio Co 
Rubicon Company 
Ward Leonard Elec. Co. 


COIL TESTING EQUIP- 
MENTS 


Inductance, 


General Electric Co 
Rubicon Company 
COLORIMETERS 
Bausch & Lomb Optical Cx 
General Electric Ce 
Hellige, Inc 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Cx 
Morey & Jones, Ltd. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Esterline- Angus Co 
General Radio Company 
Rawson Elec. Inst. Co. 


COMPARATORS 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
General Electric Co. 
COMPASS 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co 
General Radio Co 
Rubicon Company 
CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 
Esterline- Angus Co 
Rawson Elec. Inst. Co. 
Rubicon Company 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Optical Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd 


Condensation 
Bristol Company 
Taylor Instrument Cos 
Damper 


Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Morey & Jones, Ltd 
Taylor Instrument Cos 
Demand Pressure 
Bailey Meter ¢ 
Foxboro Co. 
Feed Water 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Flow 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Gravity 
Bailey Meter Co 
Humidity 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Liquid Level 
Railey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Materials Testing, 
Strain-Time 
Raldwin-Southwark Corp. 
Materials Testing, 
Stress- Time 
Baldwin-Southwark Corp 
Materials Testing, Load 
Maintenance 
Baldwin-Southwark Corp 
Pressure & Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 


Bailey Meter Co 
sristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Cx 
Foxboro Co 
Taylor Instrument Cos. 
Rate-Velume 
Foxboro Co. 
Refrigeration 
$ristol Company 
srown Instrument Co. 
Taylor Instrument Cos 
Special 
Rubicon Co. 
Tachometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Weston Elec. Inst 
Temperature-Time 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
Thermometer 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Defender Autom'c Reg. Co 
Foxboro Co 
Taylor Instrument Cos. 
Thermostat 
Bristol Company 
Brown Instrument Co, 
Foxboro ¢ 
Taylor Instrument Cos. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
Voltage A.C. 
Ward Leonard Elec. Co 
Water Level 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
COUNTERS—Ratchet, 
Magnetic 
Esterline-Angus Co, 
Veeder-Root, Inc 
Revolution 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co, 
Veeder-Root, Inc 
Stroke 
KBaldwin-Southwark Corp. 
Bristol Company 
Veeder- Root, Inc 
CREEP TESTER 
Baldwin-Southwark Corp. 
CURRENT RECORDERS 
Bristol Company 
Esterline-Angus Co. 
General Electric Co. 
CYCLE CONTROLLERS 
Bristol Co 
CYCLE COUNTERS 
General Radio Co, 
CYCLOMETERS 
Veeder- Root, Inc 
DAMPING TESTER 
Baldwin-Southwark Corp. 
DEFORMETER (Beggs) 
Baldwin-Southwark Corp. 
DEMAND METERS 


Corp. 


Gas 
Foxboro Co 
Electric: Indicating, Re- 


cording, Printing 
General Electric Co 
DIVIDING HEAD 
Optical 
Bausch & Lomb Optical Co 
DIVIDING MACHINES 
Gaertner Scientific Corp 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 


Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METERS 


Rawson Elec. Inst. Co. 
ELECTRIC TELEMETERS 
Baldwin-Southwark Corp 
Esterline-Angus Co 
General Electric Co 


weg o—- FILTER 
SECT 


General aod so Company 
a 


ELECTRONIC METERS 
Esterline-Angus Co 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co. 

ENGINE INDICATORS 
Baldwin-Southwark Corp. 

ENGINE REVOLUTION 

COUNTERS 
Veeder- Root, Inc 

EXTENSOMETER 
Baldwin-Southwark Corp. 

FATIGUE TESTERS 
Baldwin-Southwark Corp. 

FAULT FINDERS 
Rubicon Company 
Weston Elec. Inst. Corp. 

FIELD RHEOSTATS 
Ward Leonard Elec. Co. 

FLASH & BURNING 

POINT TESTERS 
Taylor Instrument Cos. 

FLOW METERS 

Indicating 
Bailey Meter Co. 

Brown Instrument Co 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd 

Indicating & Recording 
Bailey Meter Co. 

Brown Instrument Co, 
Foxboro Co 

Intergrating & Recroding 
Morey & Jones, Ltd 

FLUE GAS ANALYZERS 
Brown Instrument Co. 

FLUXMETERS 
Rawson Elec. Inst. Co. 
Rubicon Company 

FREQUENCY METERS 


Indicating 
General Electric Co 
Weston Elec. Inst. 
Recording 
sristol Company 
Esterline-Angus Co. 
General Electric Co. 
Standards 
General Radio Co 
FUEL FLOW 
INDICATORS 
Morey & Jones, Ltd 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Defender Autom’c Reg. Co 
Taylor Instrument Cos 
FUSES 
instrument 
Littelfuse Laboratories 
GAGES 


Absolute Pressure 
Bristol Company 
grown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos. 

Amplifying 

Comparator 

Cylinder 

Deformation 
Baldwin-Southwark Corp. 

Dial 

Differential Pressure 
Bailey Meter Co. 


Corp. 


Brown Instrument Co, 

Foxboro Co 

Morey & Jones, Ltd. 
Draft 


Taylor Instrument Cos. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co, 

Foxboro Co 

Taylor Instrument Cos. 
Drill 

Bausch & Lomb Optical Co 
Filter te 

Morey & Jones, Ltd. 
Flow 

Bailey Meter Co. 

Brown Instrument Co. 

Morey & Jones, Ltd. 
Liquid Level 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co, 

Esterline-Angus Co. 

Foxboro Co 

Morey & Jones, Ltd 

Taylor Instrument Cos 
Loss of Head 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Morey & Jones, 


Pitch Diameter 


Pressure 
Bailey Meter Co. 
Baldwin Southwark Corp. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos. 
Pressure-Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos 


Ltd. 


Pressure & Vacuum 
Bailey Meter Co 





Bristol Company 

Brown Instrument Co, 

Esterline-Angus Ce 

Fox o Cx 

Taylor Instrument Cos. 
Profile 

Bausch & Lomb Optical Co 
Rain 

Esterline-Angus Co 


Taylor Instrument Cos 
Recording—Distance 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co 
Taylor Instrument Cos 
Strain 
Baldwin-Southwark Corp 
General Electric Co 
Tester 
saldwin-Sou 
Thickness 
Esterline-Angus Co. 
Vacuum 
Esterline-Angus Co. 
General Electric Co 
Taylor Instrument Cos 
Volume 
Brown Instrument Co, 
Foxboro Co 
Water Level for Boilers 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol Company 
Brown Instrument Co, 
Esterline- Angus Co. 
GALVANOMETERS 
Brown Instrument Co, 
General Radio Co. 
Rawson Elec. Inst. Co. 
Rubicon Company 
Taylor Instrument Cos 
Weston Elec. Inst. Corp 
GAS ANALYTICAL 
TERS 


thwark Corp. 


Electricai 
srown Instrument Co. 


GAS FLOW a 
td 
INDICATORS 


‘aylor Instrument Cos. 
GAS: METER 

Bailey Meter Co. 
Brown Instrument Co. 


Foxboro Co 
GOVERNORS 
Pressure 


Sailey Meter Co 

Bristol Company 

Brown Instrument Co 

Taylor Instrument Cos 
Pump 

Railey Meter Co 

Taylor Instrument Cos. 
Water Wheel 

Baldwin-Southwark Corp. 
GROUND DETECTORS 

Rubicon Company 

Weston Elec. Inst. 
HAND TALLEYS 

Veeder-Root, Inc. 
HARDNESS TESTERS 

Baldwin-Southwark Corp 
HELIOSTATS 

Gaertner Scientific Corp. 
HIGH FREQUENCY 

APPARATUS 
Rawson Elec. Inst. Co. 
Rubicon Company 


Corp. 


Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
Fuses 

Littelfuse Laboratories 
Indicators 

Weston Elec. Inst. Corp. 
Measuring Devices 

General Electric Co 

Weston Elec. Inst. Corp. 


Testing Devices 
General Electric Co. 
HUB ODOMETERS 
Veeder-Root, Inc 
HUMIDITY CON.- 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
HYDROGEN ION TEST- 
ING APPARATUS 
Hellige, Inc 
HYDROGEN ION METERS 
Indicating 
Hellige, Inc 
Rubicon Company 
HYDROMETERS 
Taylor Instrument 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrumen 
ILLUMINOMETERS 
Weston Elec. Inst. Co. 
INDICATORS—See Gages 

INDUCTANCES 
General Radio Co 
Rubicon Company 


Cos. 


Cos. 





INSTRUME? 
Littelfus 


INSTRUME) ANS 
FORME?! 
Esterling 
General } 
Weston | 
Split Core 
Rubi 
Phase Shiftir 
Rubicon ( 
INSULATION ESTIN 
EQUIPMENT 
General | 
Rubicon ( 
INTERFEROME 
Gaertner s 
KEYS AND SWITCHeEs 
General R 
Rubicon (¢ 
KEYSTROKE 
(for Typewriters, ote 
Veeder-R 
LABORATORY 
STATS 


TERS 


RHEO 
Rubicon ¢ 
Ward Le 
LACTOMETERS 
Taylor Ir 
LENGTH MEASL 
MACHINES 
Gaertner S 
LEVELS 
Centering 
Sausch & I 0 


RING 


Engineer’s, Wye, Precision 


Prism 
Taylor Ir 


LOCOMOTIVE INDICA 
TORS 


Baldwin 
MAGNETIC 

Ward Leor 
MAGNETOMETERS 

Rubicon ¢ 
MANOMETERS 

Bailey M 

Bristol ¢ 

Brown Ir 

Defender A 

Foxboro ( 

Morey & 
MASTER CLOCKS 


Gaertner 8 


RELAYS 


General | 
MEGOHMMETERS 
Rubicon ¢ 


sat vo VOLTMETERS 
Weston 

MICROAMMETERS 
Genera Ele 
Esterline-A 
General 1 
Bewsen 3 


estor 


MICROFARADMETERS 


Weston I 
MICROMETERS 

Gaertner S 
MICROMETER SLIDES 

Gaertner S 
MICROSCOPES 


Brinell 
Bausch & I 0 
Gaertner 5S 
Measuring 


Gaertner § 
Metallographic 
Bausch & L 0 
Petrographical 
Bausch & I 0 
Toolmakers 
Bausch & I 0 
Gaertner S 
MICROTOMES 
Bausch & L 0 
MILLIAMMETERS 
sristol Cor 
Esterline-A 
General I 
General Rac 
Rawson El 
Weston Ele 
MILLIVOLTMETERS 
Bristol C 
Brown In 
Esterline-A 
General } 
Rawson I 
Taylor Instr 
Weston I 
MIRRORS 
Hellige, Ir 
meousation METERS 
Esterline-A 
General R 
Weston E 
MOISTURE MI 
General R 
MOTION RE‘ 
Mechanical 
Baldwin-S 
Bristol Cor 
Esterline-A 
Foxboro 


TERS 


2DERS 


OUNTERS 


P| 
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METERS 
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Electric ¢ 
Elec. Instru. ¢ 
Elec. Inst. 

\RADMETERS 
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TARTERS 
woTOR Sir Td Elec. Co. 


Ward Le “ 
TIMETER : 
ig tela Elee. Inst. Co. 
TIPLE PEN 
wu ECORDERS : 
paldwin-S ithwark Corp. 
istol s 
Le ne-Angus Co. 
Foxboro 
MULTIPLIERS 


General Electric Co 


Weston Elec 


KEL SOLUTION 
NICO ESTERS 


ellige. | 
yolSe MEASURING 


General Radio Co. 


OHM METERS 


Esterline- Angus Co. 
General Electric Co. 
Rawson Elee. Inst. Co. 


Rubicon ¢ ompany 
Weston Elec. Inst. Corp. 


TESTING 
Olt I PPARATUS 


General Electric Co. 
Taylor Instrument Cos. 


OPERATION RECORDERS 


Electrical 
Bristol Company 


Brown Instrument Co. 
Esterline-Angus Co. 


Foxboro Co. 


Taylor Instrument Cos. 


OPTICAL PARTS 


Lenses, Prisms, Test Planes 
Gaertner Scientific Corp. 


ORIFICE METERS 


indicating & Recording 


Bailey Meter Co. 


Brown Instrument Co. 


Defender Autom’c Reg. Co. 


Foxboro Co. 


Morey & Jones, Ltd. 


OSCILLATORS 


Weston Elec. Inst. Corp. 


OSCILLOGRAPHS 


Raldwin-Southwark Corp. 


General Electric Co. 


General Radio Co. 
Hellige, Inc. 
Automatic 


General Electric Co. 


Cathode Ray 


Jeneral Electric Co. 


PANTOGRAPHS 


Gaertner Scientific Corp. 


PERISCOPES 


Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 


PERMEAMETERS 


yeneral Electric Co. 


Rubicon Compeny 


PHOTO-ELECTRIC CELLS 


General Electric Co. 


Weston Elec. Inst. Corp. 
PHOTO-ELECTRIC 


COLOR ANALYZERS 
General Electric Co. 


PHOTO-ELECTRIC 
COLOR COMPARA. 


TORS 
General Electric Co. 


PHOTOMETERS 


Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
PHOTO-MICROGRAPHIC 


EQUIPMENT 


Rawson Elec. Instru. Co. 


PHYSICAL TESTING 


MACHINES 


Baldwin-Southwark Corp. 


PITOT TUBE METERS 
Brown Instrument Co. 


Defender Autom’c Reg. Co, 


Foxboro Co, 


Morey & Jones, Ltd. 


PLANIMETERS 


Automatic Flow Record 
Brown Instrument Co. 


Foxboro Co. 
Linear 


Brown Instrument Co. 


Radial 
Bailey Meter Co, 
sristol Company 
Foxboro Co, 


Square Root 


Foxboro Co, 
POLARISCOPES 


Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 


Hellige, Inc. 


POSITION RECORDERS 


Haldwin-Southwark Corp. 


Brown Instrument Co. 


Bristol Company 


Esterline- Angus Co. 


Foxboro Co, 


Taylor Instrument Cos. 
POTENTIOMETERS— 


Indicating 


Brown Instrument Co. 
General Electrie Co. 


Hellige, Ine. 
Rubicon Company 


Recording & Controlling 
Brown Instrument Co. 
Standard Cell Comparing 
Erp ley Laboratory, Inc. 

pe 


Feussner Ty 


Eppley Laboratory, Inc 


POWER FACTOR METERS 


Esterline-Angus Co. 
General Electrie Co. 


Weston Elec Inst. Corp. 


PRESSURE RECORDERS 
Bailey Meter Co, 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Esterline-Angus Co. 
Foxboro Co. 

Taylor Instrument Cos. 

PRISMS 
Gaertner Scientific Corp. 
Hellige, Inc. 

PROCESS TIMING & 
SIGNALING IN- 
STRUMENTS 

Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
Foxboro Co. 

Taylor Instrument Cos. 

PROTRACTOR 

Optical 
Bausch & Lomb Optical Co. 

PSYCH ROMETERS 

Recording 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos, 
n 


9 
Taylor Instrument Cos. 
PYRHELIOMETERS— 
Weather Bureau Type 
Eppley Laboratory, Inc. 
PYROMETERS 
Optical 
Radiation 
Indicating 
Brown Instrument Co. 
Taylor Instrument Cos. 
Recording 
Brown Instrument Co, 
Taylor Instrument Cos. 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Indicating 
Bristol Company 
Brown Instrument Co. 
Defender Autom'c Reg. Co, 
Foxboro Co. 
Taylor Instrument Cos. 
Bristol Company 
Brown Instrument Co. 
Recording and Controlling 
Foxboro Co. 
Taylor Instrument Cos. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANEL 
Rubicon Company 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
yeneral Radio Company 
Weston Elec. Inst. Corp. 
REF RACTOMETERS 
Bausch & Lomb Optical Co. 
REGULATORS—See 
Controls 
RELAYS 
yeneral Electric Co. 
General Radio Co. 
Ward Leonard Elec. Co. 
Weston Elec. Inst. Corp. 
Light Sensitive 
Burgess Labs., Inc., C. F. 
Weston Elec. Inst. Corp. 
Vacuum Contact 
Burgess Labs., Inc., C. F. 
Vacuum Tube 
Burgess Labs., Inc., C. F. 


REMOTE METERING 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
General Electric Co 
Morey & Jones, Ltd. 
RESISTANCE—Electrical 
General Radio Co. 
Rubicon Company 
Ward Leonard Elec. Co. 
RESISTANCE COILS 
Ward Leonard Elec. Co. 
RESISTOR UNITS 
Ward Leonard Elec. Co. 
RHEOSTATS 
General Radio Company 
Rubicon Company 
Ward Leonard Elec. Co. 
SACCHARIMETERS 
Bausch & Lomb Optical Co. 
Taylor Instrument Cos 
SALINITY INDICATORS 
Esterline- Angus Co. 
Rubicon Company 
SCALES 
Gaertner Scientific Corp. 
SEISMOGRAPHS 
SELSYN EQUIPMENT 
General Electric Co. 
SHUNT METERS 
Bristol Company 
Esterline-Angus Co, 
SHUNTS 
Esterline-Angus Co, 
General Electric Co. 
Rawson Elec. Inst. Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 


SIGNALING DEVICES— 
Automatic 
Bristol Co. 
Brown Instrument Co 
Foxboro Co 
Rubicon Company 
SPECIAL COILS 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
General Electric Co 
General Radio Co. 
Morey & Jjones, Ltd 
Rawson Elec. Inst. Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 
Burgess Labs., Inc., C. F 
Esterline-Angus Co 
SPECTROGRAPHS 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Hellige, Inc 
SPEED COUNTERS 
Veeder-Root, Inc 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Eppley Laboratory, Inc. 
Weston Elec. Inst. Corp. 
STOP WATCHES 
STRAIN GAGES 
Baldwin-Southwark Corp. 
yeneral Electric Co 
SULPHUR DETERMINA.- 
TION APPARATUS 
Burgess Labs., Inc., C. F. 
SUNSHINE RECORDERS 
Taylor Instrument Cos 
SURGE INDICATORS & 
RECORDERS 
Esterline-Angus Co. 
General Electric Co, 


SYNCHRONOSCOPES 
Weston Elec. Inst. Corp. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co. 
TACHOGRAPH 
Baldwin-Southwark Corp. 
TACHOMETERS 


Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
Foxboro Co 

Veeder- Root, Inc 


Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co. 


TELEMETER 
Baldwin-Southwark Corp. 
Esterline-Angus Co 

TELESCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 

TENSOMETER (Huggen- 

berger) 
Baldwin-Southwark Corp. 


TESTING MACHINES 
Fatigue 
Baldwin-Southwark Corp 
Impact 
Baldwin-Southwark Corp 
Hardness 
Baldwin-Southwark Corp. 
Portable—Tensile—Com- 
pression 
Baldwin-Southwark Corp. 
Sheet Metal 
Baldwin-Southwark Corp. 
Oil & Bearing 
Baldwin-Southwark Corp. 
Universal 
Baldwin-Southwark Corp. 
THERMIONIC RECTI- 
FIERS 
yeneral Electric Co 
THERMO-JUNCTIONS 
(Electric) 
yeneral Radio Co 
Rawson Elec. Inst. Co 
THERMO-VOLTMETERS & 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. ( 
Weston Elec. Inst. Corp 
ee 


ype 

Eppley Laboratory, Ine. 
THERMOMETERS 
Gas Filled 

Bailey Meter Co 

Bristol Company 

Brown Instrument Co 

Defender Autom’'c Reg. Co 

Foxboro Co 


Taylor Inst. Companies 











Branch Office: 91 
Mid-Western Representative: 
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Microammeters & Millivoltmeters 
Without Amplification. Free from Wave form and 
Frequency Errors up to 20,000 cycles. 


Reduced Energy Consumption. 50,- 
000 ohms per Volt as Voltmeter. 
Simple to Operate. Write for infor- 
mation on Rawson-Greibach Meters. 


RAWSON ELECTRICAL INSTRUME 


Incorporated 1918 
CAMBRIDGE, MASS. 
Avenue, New 


Seventh 











Earl N. Webber, Daily Ni 

















Mechanical 
Brown Instrument Co 
Defender Autom'c Reg. Co 
Foxboro Co. 

Mercurial 


Bristol Company 

Taylor Instrument Cos 
Resistance 

Brown Instrument Co. 

Foxboro Co. 
Vapor-Tension 

Bristol Company 

Brown Instrument Co. 


Defender Autom’'c Reg. Co. 


Foxboro Co 

Taylor Inst. Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos 
THERMOSTATS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
TIME INDICATORS 

Baldwin-Southwark Corp 
TIME METERS 

General Electric Co. 
TIME OPERATION 

RECORDERS 

Bristol Company 

Esterline-Angus Co. 

Foxboro Co. 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co 
Gaertner Scientific Corp. 
Foxboro Co. 


TIME SWITCHES 
General Electric Co. 
TIMERS 
Rawson Elec. Inst. Co. 
Rubicon Company 
TIMING DEVICES 
General Electric Co 
TORSIOGRAPH 
Baldwin-Southwark Corp. 
TOTALIZING 
INSTRUMENTS 
General Electric Co 
TOTALIZING RELAYS 
Electric 
General Electric Co 


TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 


TRANSFORMERS 
(Instrument) 
Esterline-Angus Co, 
General Electric Co. 
General Radio Co 


Weston Elec. Inst., Corp. 


TRANSITS 
Astronomical 


Gaertner Scientific 


Pocket 


Taylor Instrument Cos 


TUNING FORKS— 

Electrically Driven 
General Electric Co 
General Radio Co 
Gaertner Scientific Corp 
Rubicon Company 


TURBIDITY METERS 
Hellige, Inc. 


U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co 
Defender Autom'’e Reg. Co 
Morey & Jones, Ltd 
Taylor Instrument Cos 
VACUUM RECORDERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Esterline-Angus Co 
Foxboro Co 
Taylor Instrument Cos 


VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE RELAY 
Burgess Labs., Inc., C. F 
VACUUM TUBE 
VOLTMETERS 
General Electric Co 
General Radio ( 
Rawson Elec. Inst. Co 
VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 


Balanced 
Bailey Meter Co 
Baldwin-Southwark Corp 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 
Diaphragm 
Bristol Company 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 
Electrically Operated 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
General Electric Co 
Taylor Instrument Cos 
Motor Operated 
Baldwin-Southwark Corp. 
Bristol Co 


Corp 


Reducing 
Bailey Meter Co 
Taylor Instrument Cos 
Regulating 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 
Defender Autom ¢ Keg. Co 
Foxboro Co 
Taylor Instrument Cos 
VENTURI METERS 
Bailey Meter Co 
Brown Instrument Co 


Foxboro Co 

Morey & Jones, Ltd 
VIBROGRAPH 

Baldwin-Southwark Corp 
VIBROSCOPE 


Baldwin-Southwark Corp 


VISCOSIMETERS 
Taylor Inst. Companies 
VOLTAGE DIVIDERS 
General Radio Co 
Rubicon Company 
Ward Leonard Elec. Co 
VOLT-AMMETERS 
Esterline-Angus Co 
General Electrie Co 
Weston Elec. Inst. Corp 
VOLTMETERS 
Electrostatic 
General Flectrie Co 
Rawson Elec. Inst. Co 
Indicating 
General Electrie Co 
General Radio Co. 


Rawson Elec. Instru. Co 

Weston Elec. Inst. Corp 
Recording 

Bristol Company 

Esterline-Angus Co 


General Electric Co 
Thermionic Rectifier 

General Radio Co 
WATER METERS 

Bailey Meter Co 

Brown Instrument Co 

Foxboro Co. 

Morey & Jones, Ltd 
WATTHOUR METERS 


General Electric Co 


WATTMETERS 
Indicating 
General Electric Uo. 
Rawson Elec. Inat. Co 
Weston Elec. Inst. Corp 


Recording 
tristol Company 
Esterline-Angus Co 
General Electrie Co 
WAVEMETERS 
General Radio Co 


X-RAY SPECTROMETERS 


Gaertner Scientific Corp 








What Instrument Do You 
Want to Buy? 


If you do not see listed in the Adver- 
tising pages or in the INSTRUMENTS 
INDEX the instruments and devices 
for measurement, inspection and 
control you wish to purchase 


the Publishers of this Journal 


will be pleased to forward your request to th 
manufacturer of the instrument. 


1?) 
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Small non-resetting High-Speed Counter 


BUILDERS of light, fast-running 
machinery or appliance: lets 
here a Counter wholly suitable 
and abundantly durable fo, 
standard equipment on their 





RECORDS operations, output, 
strokes or revolutions of any 
type of machine or mechanical 
device operating at high 
speeds. This Counter is espe- 
cially designed to register ac- 
curately when run very fast; 


product. It gives your machine 





an added value and competi- 


it can not over-register. . tive advantage with the cus. 





Wheels are carried on a small iit as — tomer. Particularly in your 
bearing, contributing to a free- new designs, the sales- appeal 
running, easily actuated movement. Standard types of of Counter-equipment ranks with improvement- 
driving mechanism are available: Revolution, Direct features in an up-to-date job. . . Our engineers 
Drive, Rotary Ratchet and Ratchet with Stops. Reg- will work with you on any problem of embodying 
ularly furnished with five figure-wheels; more may this Counter in any type of machinery, standard or 
be had at slight additional cost. Illustration shows special, or in re-designing or adapting a Counter to 
standard form for mounting, but the Counters are any unusual application you may consider. Write 
supplied where specified with flange -at-window for us about any development that involves automatic 
small extra charge. counting or production-recording. 


PREY MSI eerste 
oS Send PRATT tte * 
At) . 





nit 
ie... Noodo- ROO /NCORPORATED 
Sens, ) HARTFORD, CONN. 














RUBICON 
CURRENT TEST SET : 


Bailey Meter Company 
Baldwin-Southwark Corp 





Bristol Company 
Brown Instrument Company Insid 














E 
Esterline-Angus Co 
- 
Foxboro Company, In¢ 
G 
Gaertner Scientific Corp 
General Radio Company 
H 
Hellige, In 
J 
Journal of Scientific Instruments 
M 
Morey & Jones, Ltd 
A highly convenient instrument for se 
measuring alternating currents without ia ia iit idl 
interrupting service. Described in Bul- tte it Milan Tuekramenth 
letin No. 180. Write for your copy. Rubicon Company 
- 
RUBICON COMPANY Taylor Instrument Companies Inside 
Electrical Instrument Makers : 
29 N. 6TH STREET PHILADELPHIA, PA. Weeder tect. Ini 
w 





Weston Electrical Instrument Corporation 
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The remarkable accuracy of Brown potentiometer 
recorders and controllers is due to the following: 


|. 40" Helical slide wire with 1900 convolutions. Eact 6. Secondary pointer systen relieves qalvar 
slide wire is uniform within |/10 of 1%. pointer of all strain and produces larae mecha 
vement + Van 3+ y the 17 } 
2. Long 40"' slide wire permits robust wire (.020" dia. itis: Cais cag Tog wien ee ee 
. . rc r 
to be used as a winding, unaffected by wear after =— me ie: 
long service. 
7. Humidity cha , 
3. Because of the large diameter wire used on the in width of chart due to chanaes in humidity of 
slide wire each convolution can be selected accu rounding air. Witt tt my 
: ; Sa oer ‘ee 1c t 1E00 4 sos 
rately; each convolution is equivalent to only .006 | 15° at 1500 ‘1 ur Ww 
i Hy ‘ 10 + 9( ir +ry b lL ry i+ 
6/1000ths of |'') on the chart. sl 4 1ITy 
. . . c j* . . . 8. Co } T } Terr } eg } } 
4. Oil immersion of slide wire—(A) eliminates wear 
‘ ' » 0 fe , nsu! yccurart 1 TIOF pensa 
resulting from the contact brush riding on the slide ; 
i : = ; natina t { ror IL + iratt " 
wire, (B) protects the slide wire from corrosion and 
urr nt tr IU y A 
dirt and thereby prevents high resistance conta i hited 
q 
5. Positive drive mechanism with non-slip clutch elin ; 
9; Air WITT ] 
inates lost motion and variation in response, due + ee ae ge ae ee ee ee eS 
| . \ c 
wear. It takes its smallest step of 1/1200th of the votenti 
chart space with absolute definiteness. nce every | 


*Every Brown potentiometer recorder or controller of standard range is guaranteed 
accurate within | /5 of 1°, of the range, when it leaves our factory. If properly in- 
stalled and maintained, it will retain this accuracy. 


If you want real accuracy in a potentiometer pyrometer, you require the Brown. 


THE BROWN INSTRUMENT COMPANY 


4482 Wayne Avenue Philadelphia, Pa. 


BROWN POTENTIOMETER PYROMETER 











You may find the ANSWER here 








BRISTOL'S 


d 
£ 








IF YOU ARE confronted with 
an instrument problem that so 


far has defied solution, we sug- 





ALOG 1603-1: BRISTOL'S Process ( gest you write for one or more 
of the accompanying catalogs. 
Perhaps here you may find the 
answer you are seeking. Or, 


better. if you will give us an 





eS 
a a) ° . wn 
"3a * idea of the quantities, opera- 
tions or processes you wish to 
Recording XN measure or control, we shall 
A . . . 
BSOLUTE be glad to submit specific ree- 
PRESSURE ek 
Gauge ommendations. You incur no 


obligation by writing. 
THE BRISTOL COMPANY 
WATERBURY, CONNECTICUT 
Branch Offices: Akron, Birmingham, Boston, Chicago, 


fem soma dt Bars: STO! t — mene Denver, Detroit, Los Angeles, New York, Philadelphia, 





Pittsburgh, St. Louis, San Francisco 


TRACE MARK 


BRISTOLS 


=) STOL S Pioneers in ieiiad Control Since 1889 










BRISTOLS 


VAPOR TENSION TYPE 


THERMOMETERS 
FREE VANE men 
THE BRISTOL CO., WATERBURY, CONN. 
a} Without obligating me in any way. please send { 
; publications checked. } or 
F — 1603-1: Process Cycle Controller. 
32 Page 
CATALOG I011: Recording Absolute Pressure RECORDING 
CONTROLLING 


Gauge. 12 Pages. 
ain optnatt CATALOG 4001; Free Vane Recorder Control- 
ler. 24 Pages. 
BULLETIN 43: Humidigraph. 12-Page Folder. 


INDICATING 














*]mete)°i8) a: CATALOG 1603-2: Electrical and Mechanical 
ration Recorders. 40 Pages. 
CONTROLLER Cc. PiLoe 1204: Class 2 Vapor Tension Ther- 
mometers. 80 Pages. 
-_ | Ee a parE carers ree. ' 
CATALOG 4 ae SFr ee Vane A ATALOC 204: BR 
Operated Recorder ler. The newest de PRINIBS 5 anc cdbees cosene ji ns Soe ie Recording and Control 
Company ne ‘nd fap eme 
pted throughout 
NG ic cis swanbens ot «ieee acy 
’¥ A ep ‘ g mi 
“ey. 
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